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PREFACE. 



There are many books in our language which deal with 
Animal Intelligence in an anecdotal and conventionally 
popular manner. There are a few, notably those by Mr. 
Romanes and Mr. Mivart, which bring adequate knowledge 
and training to bear on a subject of unusual difficulty. In 
the following pages I have endeavoured to contribute some- 
thing (imperfect, as I know full well, but the result of 
several years' study and thought) to our deeper knowledge 
of those mental processes which we may fairly infer from 
the activities of dumb animals. 

The consideration of Animal Intelligence, from the 
scientific and philosophical standpoint, has been my 
primary aim. But so inextricably intertwined is the 
subject of Intelligence with the subject of Life, the subject 
of organic evolution with the subject of mental evolution, 
so closely are questions of Heredity and Natural Selection 
interwoven with questions of Habit and Instinct, that I have 
devoted the first part of this volume to a consideration 
of Organic Evolution. The great importance and value 
of Professor Weismann's recent contributions to biological 
science, and their direct bearing on questions of Instinct, 
rendered such treatment of my subject, not only advisable, 
but necessary. Moreover, it seemed to me, and to those 
whom I consulted in the matter, that a general work on 
Animal Life and Intelligence, if adequately knit into a 
connected whole, and based on sound principles of science 
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CHAPTER I. 

THE NATUBE OF ANIMAL LIFE. 

1 05CE asked a class of school-boys to write down for me in 
a few words what they considered the chief characteristics 
of animals. Here are some of the answers^ 

1. Animals move about, eat, and grow. 

2. Animals eat, grow, breathe, feel (at least, most of 
them do), and sleep. 

3. Take a cat, for example. It begins as a kitten ; it 
eats, drinks, plays about, and grows up into a cat, which 
does much the same, only it is more lazy, and stops grow- 
ing. At last it grows old and dies. But it may have 
kittens first. 

4. An animal has a head and tail, four legs, and a 
Wy. It is a living creature, and not a vegetable. 

5. Animals are living creatures, made of flesh and 
Uood, 

Combining these statements, we have the following 
characteristics of animals : — 

1* Each has a proper and definite form, at present 
described as " a head and tail, four legs, and a body." 

2. They breathe. 

3. They eat and drink. 

4. They grow. 

5. They also " grow up." The kitten grows up into a 
<^*t, which is somewhat dilBFerent from the kitten. 

6« They move «bout and sleep. 

B 



Animal Life and Intelligence. 



7. They feel — " at least some of them do." 

8. They are made of '* flesh and blood." 

9. They grow old and die. 

10. They reproduce their kind. The cat may have 
kittens. 

11. They are living organisms, but " not vegetables." 
Now, let us look carefully at these characteristics, all 

of which were contained in the five answers, and were 
probably familiar in some such form as this to all the 
boys, and see if we cannot make them more general and 
more accurate. 

1. An animal has a definite form. My school-boy friend 
described it as a head and tail, four legs, and a body. But 
it is clear that this description applies only to a very limited 
number of animals. It will not apply to the butterfly, with 
its great wings and six legs ; nor to the lobster, with its 
eight legs and large pincer-claws ; to the limbless snake 
and worm, the finned fish, the thousand-legs, the oyster 
or the snail, the star-fish or the sea-anemone. The 
animals to which my young friend's description applies 
form, indeed, but a numerically insignificant proportion 
of the multitudes which throng the waters and the air, 
and not by any means a large proportion of those that 
walk upon the surface of the earth. The description 
applies only to the backboned vertebrates, and not to 
nearly all of them. 

It is impossible to summarize in a sentence the form- 
characteristics of animals. The diversities of form are 
endless. Perhaps the distinguishing feature is the pre- 
valence of curved and rounded contours, which are in 
striking contrast to the definite crystalline forms of the 
inorganic kingdom, characterized as these are by plane 
surfaces and solid angles. We may say, however, that all 
but the very lowliest animals have each and aU a proper 
and characteristic form of their own, which they have in- 
herited from their immediate ancestors, and which they 
hand on to their descendants. But this form does not 
remain constant throughout life. Sometimes the change 
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is alight ; in many casea, however, the form alters very 
markedly during the sncoeasiTe stages of the life of the 
individual, as is seen in the frog, which begins hfe as a 
tadpole, and perhaps even mote conspicaoaely in the 
butterfly, which pasBes throttgh a caterpillar and a chry- 
ulis stage. Still, these changes are always the same for 
the same kind of animal. So that we may say, each 
uumal has a definite form and shape or series of shapes. 

2. Animals breathe. The essential thing here is that 
oiygen is taken in by the organism, and carbonic acid gas 
is produced by the organism. No animal can carry on its 
life>processes nnless certain chemical changes take place 
io the snbstance of which it is composed. And for these 
ebemical changes oxygen is essential. The products of 
these changes, the most famihar of which are carbonic 
leid gas and nrea, must be got rid of by the process of 
eieretion. Respiration and excretion are therefore essential 
and characteristic life-processes of all animals. 

Id qb, and in all air-breathing vertebrates, there are 
Ifeeial organs set apart for respiration and excretion 
of carbonic acid gas. These are 
the Inngs. A great number of 
insects also breathe air, bnt in a 
difierentway. They have no Imigs, " 
bat they respire by means of a 
namber of apertures in their sides, 
lod these open into a system of ale- 
delicate branching tubes which 
runify throughout the body. Many 
organisms, however, such as fish Fig. i.— DinKram of ipimoles 

, , , , , ,, I i.i_ »1><1 air-tubeB (traclien) uf 

■no lobsters and molluscs, breatue an meect (cockroach). 

the air dissolved in the water in ^''^' ^^°^"^i^\i^''^^,^. 

which they hve. The special organs 7*y^V'"Thf^iMub^ 'i^' npi^t 

dcTeloped for this purpose are the J'"^|„''^,^nJ^bllSrio STrtJw 
gills. They are freely exposed to ""i^Beu"- 
the water from which they abstract the air dissolved therein. 
When the air dissolved in the water is used up, they sicken 
tnd die. There can be nothing more cruel than to keep 
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aqoatio animalB in a tank or aqaariam in which there is 
no means of supplying fresh oxygen, either by the aotion 
of green vegetation, or by a jet of water carrying down air- 
bubbles, or in some other way. And then there are a 
number of animals which have no special organs set apart 
for breathing. In them respiration is carried on by the 
general surface of the body. The common earthworm is 




Fig. 2.— Gilb of mnmel. 



o.B..mlmgmi id-l „ . . _ .-. ..-,__ 

t-r %hr\\\f., foot; jk., poBlIiDD of hfvt; tj^ «itiALent Apbao. when« tlM WAtfir piHH out 
fronlbe KllL-dumlKri if.. inbftl«n( ^Ipbon, whfiiv tbs waUr enten. 

Til* lift v«lT«of tbatbell bubMD Rinovgd. lud Um nwiiUe cat awa^ iletig the duk Un. 

one of these ; and most microscopic organisms are in the 
same condition. Still, even if there be no special organs 
for breathing, the process of respiration mnst be carried on 
by all animals. 

8. They eat (md drink. The living substance of an 
animal's body is consumed during the progress of those 
chemical changes which are consequent upon respiration ; 
and this substance must, therefore, be made good by 
taking in the materials oat of which fresh life-stuff can 
be formed. This process is called, in popular langaage, 
feeding. Bnt the food taken in is not identical with the 
life-stuff formed. It has to undergo a number of chemical 
changes before it can be built into the substance of the 
organism. In us, and in all the higher animals, there is 
a complex system of organs set aside for the preparation, 
d^estion, and absorption of the food. But there are 
certain lowly organisms which can take in food at any 
portion of their surface, and digest it in any part of their 
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sabstance. One of these is tbe amteba, a minute speck of 

jcUy-Uke tife-atiiff, which lives in water, and tucks in a bit 

of food-material just as it comes. Aud there are certain 

I degenerate organisms nhich have taken to a parasitic life, 

ftnd ItTe within the bodies of other animals. Many of 

these can absorb the material prepared by their host 

through the general surface of their simple bodies. But 

here, again, though there maj be no special organs set 

I apart for the preparation, absorption, and digestion of 

Mood, the process of feeding is essential to the life of all 

iiimftls. Stop that process for a sufficient length of time, 

l&d tbey inevitably die. 

. Tlien ifrmt'. Food, as ve have jnst seen, has to be 
iftkea in, digested, and absorbed, in order that the loss of 
ulmtanoe due to the chemical changes consequent on 
piration may be made good. But where the digestion 
nd absorption are in excess of that requisite for this 
lOse, we have the phenomenon of growth. 
What are the characteristics of this growth ? We 
inot, perhaps, describe it better than by saying (1) that 
i is organic, that is to say, a growth of the various organs 
[ the animal in due proportion; (2) that it takes place, 
lot merely by the addition of new material (for a crystal 
■owa by the addition of new material, layer npon layer), 
nt by the incorporation of that new material into the very 
"^bstance of the old; and (3) that the material incor- 
porated during growth differs from the material absorbed 
from without, which has undergone a preparatory chemical 
tsfiirmation within the animal during digestion. The 
'owtb of an animal is thns dependent upon the continued 
Mrption of new material from without, and its trans- 
mation into the substance of the body. 
The animal is, in fact, a centre of continual waste and 
of nicely balanced constructive and destructive 
These are the invariable concomitants of life, 
nly so long as the constructive processes outbalance the 
Btructive processes does growth continue. During the 
Uitvr part of a healthy man's life, for example, the two 
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processes, waste and repair, are in equilibrium. In old 
age, waste slowly but surely gains the mastery; and at 
death the balanced process ceases, decomposition sets in, 
and the elements of the body are scattered to the winds or 
returned to mother earth. 

There are generally limits of growth which are not 
exceeded by any individuals of each particular kind of 
animal. But these limits are somewhat variable among 
the individuals of each kind. There are big men and 
little men, cart-horses and ponies, bloodhounds and lap- 
dogs. Wild animals, however, when fully grown, do not 
vary so much in size. The period of growth is also 
variable. Many of the lower backboned animals probably 
grow during the whole of life, but those which suckle their 
young generally cease growing after a fraction (in us from 
one-fourth to one-fifth) of the allotted span of life is 
past. 

5. But animals not only grow — they also ^^ grow up" 
The kitten grows up into a cat, which is somewhat different 
from the kitten. We speak of this growing up of an animal 
as its developmenU The proportion of the various parts 
and organs progressively alter. The relative lengths of 
the arms and legs, and the relative size of the head, are 
not the same in the infant as in the man or woman. Or, 
take a more marked case. In early spring there is plenty 
of frog-spawn in the ponds. A number of blackish specks 
of the size of mustard seeds are embedded in a jelly-like 
mass. They are frogs' eggs. They seem unorganized. 
But watch them, and the organization will gradually 
appear. The egg will be hatched, and give rise to a little 
fish-like organism. This will by degrees grow into a 
tadpole, with a powerful swimming tail and rounded head 
and body, but with no obvious neck between them. Legs 
will appear. The tail will shrink in size and be gradually 
drawn into the body. The tadpole will have developed 
into a minute frog. 

There are many of the lower animals which go through 
a not less wonderful, if not more wonderful, metamorphosis. 
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! butterfly or the Bilkworm moth, begiuDing lifo as a 
■terpillar and changing into a ohrysahs, from which the 
irfect insect emerges, is a familiar instance. And hoBta 
r tbe marine invertebrates have larval forms which have 
lit little resemblance to tbeir adult parents. 

Such a aeries of changes as is undergone by the frog 
'Balled metamorphogis, which essentially consists in the 
wporary development of certain provisional embryonic 
s (such as gills and a powerful swimming tail) and 
le appearance of adult organs (such as lungs and legs) to 
^e tbeir place. In metamorphosis these changes occur 
nriog the &ee life of the organism. But beneath the 
ggshell of birds and within the womb of mammals 
Ufcely less wonderful changes are slowly hut surely 
Itcted, thongh they are hidden from our view. There 
I no metamorphosis during the free life of the organism, 
Dt there is a prenatal transformation. The little embryo 
f a bird or mammal has no gills like the tadpole (though 
1 lias for a while gill-slits, pointing unmistakably to its 
ahy ancestry), but it has a temporary provisional 
Mtlung organ, called the allantois, pentling the full 
srelopment and functional use of its lungs. 

All the higher animals, in fact — the dog, the chick, the 
Irpent, the frog, the fish, the lobster, the butterfly, the 
lonn, the star-fish, the mollusc, it matters not which we 
lleel — take their origin from an apparently unorganized 
gg. They all, therefore, pass during tbeir growth from a 
Wiparatively simple condition to a comparatively complex 
Oadition by a process of change which is called develop- 
But there are certain lowly forms, consisting 
boQgbout life of little more than specks of jelly-like life- 
toff, in which such development, if it occure at all, is not 
BnapicQOUB. 

6, TApj move about and sltcp. This is true of oar 
hmili&T domestic pets. The dog and the cat, after periods 
nl restlesB activity, curl themselves up and sleep. The 
■aiiBiy that has all day been hopping about its cage, or 
perhftpB been allowed the freedom of the dining-room, tucks 
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its head nnder its wing and goes to sleep. The cattle in 
the meadows, the sheep in the pastures, the horses in the 
stables, the birds in the groves, all show alternating periods 
of activity and repose. But is this true of all animals ? 
Do all animals " move about and sleep " ? The sedentary 
oyster does not move about from place to place ; the 
barnacle and the coral polyp are fixed for the greater part 
of life ; and whether these animals sleep or not it is very 
difficult to say. We must make our statement more com- 
prehensive and more accurate. 

If we throw it into the following form, it will be more 
satisfactory : Animals exhibit certain activities ; and 
periods of activity alternate with periods of repose. 

I shall have more to say hereafter concerning the 
activities of animals. Here I shall only say a few words 
concerning the altematmg periods of repose. No organism 
can continue in ceaseless activity unbroken by any inter- 
vening periods of rest. Nor can the organs within an 
organism, however continuous their activity may appear, 
work on indefinitely and unrestfuUy. The heart is appa- 
rently restless in its activity. But in every five minutes 
of the continued action of the great force-pump (ventricle) 
of the heart, two only are occupied in the efforts of con- 
traction and work, while three are devoted to relaxation 
and repose. What we call sleep may be regarded as the 
repose of the higher brain-centres after the activity of the 
day's work — a repose in which the voluntary muscles share. 

The necessity for rest and repose will be readily under- 
stood. We have seen that the organism is a centre of 
waste and repair, of nicely balanced destructive and recon- 
structive processes. Now, activity is accompanied by 
waste and destruction. But it is clear that these processes, 
by which the substance of the body and its organs is used 
up, cannot go on for an indefinite period. There must 
intervene periods of reconstruction and recuperation. 
Hence the necessity of rest and repose alternating with 
the periods of more or less prolonged activity. 

7. They feel — **at Udit some of them do.'' The quali- 
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fafttion was a wise one, for in trath, as we Bball hereafter 
e, we koow very little about the feelinga of the lower 
^aJsmB. The ooe animal of whose feelinga I know 
ijthing definite and at first hand, is myself. Of course, 
beiieve in the feelinga of others ; but when we come to 
Pny lowly organisms, we really do not know whether 
ftey have feelings or not, or, if they do, to what extent 
Ikey feel. 

Shall we leave this altogether out of aceonnt ? Or can 

I throw it into some form which ia more general and less 

[Mthetical ? This, at any rate, we know — that all animals, 

L-n the lowest, are sensitive to touches, sights, or sounds. 

is a matter of common observation that their activities 

e generally set agoing under the influence of such sngges- 

Ikms from without. Perhaps it will be objected that there 

b no difference between feeling and being eensitive. But 

■mmingthe word "sensitive" in a general sense — in 

it senae in which the photographer nsea it when hs 

of a sensitive plate, or the chemist when be speaks 

a sensitive test. When I say that animals are sensitive, 

neon that they answer to touches, or sounds, or other 

JDpTtsasionB (what are called stimuli) coming from without. 

They may feel or not ; many of tbem undoubtedly do. But 

lb>t is another aspect of the senaitivenesB. Using the 

torn, then, with this meaning, we may say, without quali- 

that all animals Eire more or less sensitive to 

Stenml influences. 

9. T\ietj are made of'jieak and Uwi." Here we have 
ision to the materials of which the animal body is com- 
It is obviously a loose and unsatisfactory statement 
it eianda. An American is said to have described the 
Terence between vertebrates and insects by saying that 
i former are composed of flesh and bone, and the latter of 
nand squash. Bnt even if we amend the statement that 
are made of " flesh and blood " by the addition of 
wtH'ds, " or of skin and squash," we shall hardly havea 
iciently satisfactory statement of the composition of the 
body. 
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The essential constituent of animal (as indeed also of 
vegetable) tissues is protoplasm. This is a nearly colour- 
less, jelly-like substance, composed of carbon, hydrogen, 
nitrogen, and oxygen, with some sulphur and phosphorus, 
and often, if not always, some iron ; and it is permeated 
by water. Protoplasm, together with certain substances, 
such as bony and horny matter, which it has the power 
of producing, constitutes the entire structure of simple 
organisms, and is built up into the organs of the bodies 
of higher animals. Moreover, in these organs it is not 
arranged as a continuous mass of substance, but is dis- 
tributed in minute separate fragments, or corpuscles, only 
visible under the microscope, called cells. These cells are 
of very various shapes — spherical, discoidal, polyhedral, 
columnar, cubical, flattened, spindle-shaped, elongated, and 
stellate. 

A great deal of attention has been devoted of late years 
to the minute structure of cells, and the great improvements 
in microscopical powers and appliances have enabled 
investigators to ascertain a number of exceedingly inte- 
resting and important facts. The external surface of a cell 
is sometimes, but not always in the case of animals, bounded 
by a film or membrane. Within this membrane the sub- 
stance of the cell is made up of a network of very delicate 
fibres (the plasmogen), enclosing a more fluid material (the 
plasm) ; and this network seems to be the essential living 
substance. In the midst of the cell is a small round or 
oval body, called the nucleus, which is surrounded by a very 
delicate membrane. In this nucleus there is also a net- 
work of delicate plasmogen fibres, enclosing a more fluid 
plasm material. At certain times the network takes the 
form of a coiled filament or set of filaments, and these 
arrange themselves in the form of rosettes and stars. In 
the meshwork of the net or in the coils of the filament 
there may be one or more small bodies (nucleoli), which 
probably have some special significance in the life of the 
cell. These cells multiply or give birth to new cells by 
dividing into two, and this process is often accompanied 
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b; special changes in the nQoleus (which also divides) and 
b; tha arrangement of its network or filaments into the 
losettes and stars before alluded to. 

Instead, therefore, of the somewhat vagae statement 
tiuit animals are made of flesh and blood, we may now say 
that the Uvisg sabstance of which animals are composed 
is a complex material called protoplasm ; that organisms 
ue filmed either of single cells or of a namber of related 
teUs, togetiier with certain life-prodaots of these cells ; and 



Fig. 3. — A eeU, great); magnified. 

e.^ HU'protopUiDl ; ilh., Dt 
r— . -v. <nm Dia^iac Uiiawiit. 

that each cell, small as it is, has a definite and wonderful 
minute stmcture revealed by the microscope. 

9. AnimaU grow old and die. This is a familar obser- 
Tation. Apart from the fact that they are often killed by 
UKident, by the teeth or claws of an enemy, or by disease, 
aniinalB, like human beings, in course of time become less 
active and less vigorous ; the vital forces gradually fail, 
and eventually the flame of life, which has for some time 

been burning dimmer and dimmer, flickers out and dies. 

Bat is this trae of all animals ? Can we say that death — 

as distinct from being killed — is the natural heritage of 

every creature that lives f 
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One of the simpk^ Ering cx€«Ibecs ■ tibe amoeba. It 
eoosista d a speck of iimhatMl potopjasm, no larger than 
a smaD pin's head. Simple as it is, aQ the essential life- 
proeesses are dnlj peifaim ed. It b a centre of waste and 
repair ; it is sensitiTe and responsiTe to a stimolus ; respi- 
ration and notiition are effieeted in a simple and primitive 
fsshion. It is, moreorer, reprodoctive. First the nnclens 
and then the protoplasm of the cell diride, and in place of 
one amceba there are two. And these two are, so far as 
we can tell, exactly alike. Thare is no saying which is 
mother and which is daughter ; and, so far as we can see 
at present, there is no reason why either should die. It is 
conceiTable that amoebee never die, though they may be 
killed in wnmAngA numbers. Hence it has been plausibly 




Fig. i. — AmcBba. 

1. Ab umsIm, ■bofrtef tlie inner mad ootcr svbcuace (cndoaarc and ecto«Arc) ; a peendo- 
|m4iiub, p^. ; tb« DocleoA, ». ; and the ooatnctile Tcaicle, c.c S. An amoeba diridiug into 
two. 3. The diTiifton Joat dfected. 

maintained that the primitiTe living cell is by nature 
deathless; that death is not the heritage of all living 
things ; that death is indeed an acquisition, painful indee;? 
to the individual, but, since it leaves the stage free for the 
younger and more vigorous individuals, conducive to the 
general good. 

In face of this opinion, therefore, we cannot say thai 
all animals grow old and die ; but we may still say that 
all animals, with the possible exception of some of the 
lowest and simplest, exhibit, after a longer or a shorter 
time, a waning of the vital energies which sooner or later 
ends in death. 

10. Animals reproduce their kind. We have just seen 
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the nature of reprodnction in the Bunple miioellalar amceba. 
The raprodnction of the constitaent cells in the complex 
Dultiedlalar organism, during ita natural growth or to 
n^ good the inevitable loss coneeqaent on the wear and 
tear of life, is of the same character. 

When we come to the higher organisms, reprodnction 
ii effected b; the separation of special cells called egg-cells, 
or ora, from a special organ called the ovary ; and these, 
in a great nomber of cases, will not develop into a new 
organism uiIgbs they be fertilized by the miion with them 
in each case of another cell — the sperm-cell — produced by a 
difierait individaal. The separate parents are called male 



^j 



Kg. 5. — Bgg-oell and apenn-oell. 
0, ovum ar «cg; b, ipflrnutoiooD or ipenii. 

and female, and reprodnction of this kind is said to be 
Knul. 

The wonderful thing abont this process is the power of 

tbe fertilized ovmn, produced by the onion of two minute 

I cells from different parents, to develop into the likeness of 

tiiese parents. This likeness, however, though it extends 

to niinate particnlars, is not absolute. The offspring is not 

euetly litre either parent, nor does it present a precise 

mean between the characters of the two parents. There 

u always some amount of individual variability, the effects 

of which, as we shall hereafter see, are of wide importance. 

We are wont to say that these phenomena, tbe transmis- 

sion of parental characteristics, together with a margin of 
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diBerenee, are dae to heredity with TuiatioiL But 
merely names the facts. How the special leprodi 
ceUs have acquired the secret of dereloping along 
lines, and reproducing, with a margin of Tariabilifyy 
likeness of the organisms which produced them, is a 
concerning which we can at present only make more or^ 
less plausible guesses. 

Scarcely less wonderful is the power which sepanieil 
bits of certain organisms, such as the green freshwater 
hydra of our ponds, possess of growing up into the com- 
plete organism. Cut a hydra into half a dozen fragments, 
and each fragment will become a perfect hydra. Bepro- 
duction of this kind is said to be asexual. 

We shall have, in later chapters, to discuss more foDy 
some of the phenomena of reproduction and heredity. 
For the present, it is sufficient to say that uninntlg repro- 
duce their kind by the detachment of a portion of tha 
substance of their own bodies, which portion, in the case 
of the higher animals, undergoes a series of successiTe 
developmental changes constituting its life-history, the 
special nature of which is determined by inheritance, an^ 
the result of which is a new organism in all essential 
respects similar to the parent or parents. 

11. Animals are living organisms, and **not vegettMei" 
The first part of this final statement merely sums up the 
characteristics of living animals which have gone before. 
But the latter part introduces us to the fact that there are 
other living organisms than those we call animals, namely, 
those which belong to the vegetable kingdom. 

It might, at first sight, be thought a very easy matter 
to distinguish between animals and plants. There is no 
chance, for example, of mistaking to which kingdom an 
oak tree or a lion, a cabbage or a butterfly, belongs. But 
when we come down to the simpler organisms, those whose 
bodies are constituted by a single cell, the matter is by no 
means so easy. There are, indeed, lowly creatures which 
are hovering on the boundary-line between the two 
kingdoms. We need not discuss the nature of these 
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undary forms. It is sufiBcient to state that nnicellular 
ants are spoken of as protophyta, and unicellular animals 
I protozoa, the whole group of unicellular organisms being 
aased together as protista. The animals whose bodies 
re formed of many oelld in which there is a differentiation 
f stmctnre and a specialization of function, are called 
netazoa, and the multicellular plants metaphyta. The re- 
unions of these groups may be thus expressed — 

Animals. PlaDts. 

Protozoa. Protophyta. Metaphyta. 

Protista. 

There are three matters with regard to the life-process 
animals and plants concerning which a few words must 
said. These are (1) their relation to food-stuffs ; (2) 
relation to the atmosphere; (8) their relation to 
^energy, or the power of doing work. 

With regard to the first matter, that of food-relation, 

ihe essential fact seems to be the dependence of animals 

^ plants. Plants can manufacture protoplasm out of its 

^nstituents if presented to them in suitable inorganic 

brm scattered through earth and air and water. Hence 

^e peculiar features of their form, the branching and 

tpreading nature of those parts which are exposed to the 

iur, and the far-reaching ramifications of those parts 

«rhich are implanted in the earth. Hence, too, the flattened 

leaves, with their large available surface. Animals are 

imable to manufacture protoplasm in this way. They 

mre, sooner or later, dependent for food on plant-products. 

It is true that the carnivora eat animal food, but the 

animals they eat are directly or indirectly consumers of 

Tegetable products. Plants are nature's primary producers 

of organic material. Animals utilize these products and 

carry them to higher developments. 

In relation to the atmosphere, animals require a very 
^Dch larger quantity of oxygen than do plants. This, 
'dring the respiratory process, combines with carbon so 
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as to form carbonic acid gas ; and the atmosphere would 
be gradually drained of its oxygen and flooded with car- 
bonic acid gas were it not that plants, through their green 
colouring matter (chlorophyll), under the influence of light, 
have the power of decomposing the carbonic acid gas, 
seizing on the carbon and building it into their tissues, 
and setting free the oxygen. Thus are animals and green 
plants complementary elements in the scheme of nature.^ 
The animal eats the carbon elaborated by the plant into 
organic products (starch and others), and breathes the 
oxygen which the plant sets free after it has abstracted 
the carbon. In the animaPs body the carbon and 
oxygen recombine ; its varied activities are thus kept 
going; and the resultant carbonic acid gas is breathed 
forth, to be again separated by green, growing plants into 
carbonaceous food-stuff and vitalizing oxygen. It must 
be remembered, however, that vegetable protoplasm, like 
animal protoplasm, respires by the absorption of oxygen 
and the formation of carbonic acid gas. But in green 
plants this process is outbalanced by the characteristic 
action of the chlorophyll, by which carbonic acid gas is 
decomposed. 

Lastly, we have to consider the relations of animals and 
plants to energy. Energy is defined as the power of doing 
work, and it is classified by physicists under two modes — 
potential energy, or energy of position; and kinetic energy, 
or energy of motion. The muscles of my arm contain 
a store of potential energy. Suppose I puU up the weight 

* An interesting problem oonceming the atmoephero is suggested by 
certain geological facts. In our buried coed-seams and other carbonaceoiu 
deposits a great quantity of carbon, for the most part abstracted from the 
atmosphere, has been stored away. Still greater quantities of carbon are 
imprisoned in the substance of our limestones, which contain, when pure, 
44 per cent, of this element. A large quantity of oxygen has also been taken 
from the atmosphere to combine with other elements during their oxidation. 
The question is — Was the atmosphere, in the geological past, more richly laden 
with carbonic acid gas, of which some has entered into combination with limo 
to form limestone, while some has been decomposed by plants, the carbon 
being buried as coal, and fhe oxygen as products of oxidation ? Or, has the 
atmosphere been furnished with continuous fresh supplies of carbonic acid 
gas? 



of in olil -fashioned eight-day clock. Some of the potential 
energy of my arm is converted into the potential energy of 
Hie weight ; that is, the raised weight is now in a position 
of kdvftnlage, and capable of doing work. It has energy of 
position, or potential energy. If the chain breaks, down falls 
tl» weight, and exhibits tiie energy of motion. But, under 
ordioary circamstaaces, this potential energy is utilized in 
giring n succession of little pushes to the peudulnm to 
keep Dp its swing, and in overcoming the friction of the 
iRirks. Again, the energy of an electric current may be 
DtHiaed in decomposing water, and tearing asunder the 
exygen and hydrogen of which it is composed. The 
oiygeD and hydrogen now have potential energy, and, if 
tluy be allowed to combine, this will manifest itself as the 
li^t and heat of the explosion. These examples will 
to illustrate tbe nature of the changes which energy 
goes. These are of the nature of transferences of 
from one body to another, and of transformations 
one mode or manifestation to another. The most 
it point that has been established during this 
aaibaj with regard to energy is that, throughout all its 
tnasferences and transformations, it can be neither created 
BCr destroyed. But tliere is another point of great im- 
porltncc. Transformations of energy take place more 
mdily in certain directions than in others. And there is 
always a tendency for energy to pass from the higher or 
Own readily transformable to the lower or less readily 
inntformable forms. When, for example, energy has 
puwd to tbe low kinetic form of the uniformly distributed 
Bultcnlu' motion of heat, it is exceedingly difficult, or 
pnetieolly impossible, to transform it into a higher and 
■OR available form. 

Now, both animals and plants are centres of the trans- 
imifttton of energy ; and in them energy, notwithstanding 
UuU it ia being raised to a high position of potentiality, is 
fDBHbuitly tending to be degraded to lower forms. Hence 
Qit necessity of some source from which fresh stores of 
■niJAble energy may be constantly supplied. Such a 
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CHAPTER n. 

THE PBOCESS OF LIFE. 

In the foregoing chapter, on " The Nature of Animal Life," 
we have seen that animals breathe, feed, grow, are sensitiTa, 
exhibit various activities, and reproduce their kind. These 
may be regarded as primary life-processes, in virtue rf 
which the animal characterized by them is a liTOig 
creature. We have now to consider some of these life- 
processes — ^the sum of which we may term the procese of 
life — a little more fully and closely. 

The substance that exhibits these life-processes is 
protoplasm, which exists in minute separate masses 
termed cells. It seems probable, however, that these 
cells, separate as they seem, are in some cases united to 
each other by minute protoplasmic filaments. In the 
higher animals the cells in different parts of the body 
take on different forms and perform different functions- 
Like cells with like functions are also aggregated together 
into tissues. Thus the surfaces of the body, external and 
internal, are bounded by or lined with epithelial tissue; 
the bones and framework of the body are composed of 
skeletal tissue; nervous tissue goes to form the braia 
and nerves; contractile tissue is found in the muscles; 
while the blood and lymph form a peculiar nutritive tissue. 
The organs of the body are distinct parts performing 
definite functions, such as the heart, stomach, or liver. 
An organ may be composed of several tissues. Thus the 
heart has contractile tissue in its muscular walls, 
epithelial tissue lining its cavities, and skeletal tissue 
forming its framework. Stilly notwithstanding their aggre- 
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ptioD into tisBUes and organs, it remains true that the body 
of one of tUe higher animals is composed of cells, together 
lilh certain ct 11 -products, horny, ealoareous, or other. 
TLe simplest animals, called protozoa, are, however, uni- 
I oUdIu, each organism being constituted by a single cell. 
We must notice that, even during periods of apparent 
ictinity — for example, during sleep— many hfe-procesaea 
n still in activity, though the vigour of action may be 
bewhat reduced. When we are fast asleep, respiratioii, 
■heart- beat,* and the onward propulsion of food through 
fealimentary canal, are still going on. Even at rest, the 
[ual ia a ;;'<('';; machine. In aome cases, however, 
noritig the hibernating sleep of the dormouse or the 
\ tbe vital activities fall to the lowest possible ebb. 
Wyer, in some cases, the life-processes may be tem- 
nly arrested, but again taken up when the special 
a giving rise to the temporary arrest are removed, 
pgi. for example, have been frozen, but have resumed 
ir life-activities when subsequently thawed. 
EX«t DB take the function of respiration as a starting- 
further exemplification of tbe nature of the 
cesses of animals, 
nbe organs of respiration, in ourselves and all the 
lalis, are the lungs, which lie in the thoracic cavity 
le ob«st, the walls of which are bounded by the ribs 
I breast-bone, its floor being formed of a muscular and 
Tmoi'ilile partition, the diaphragm, which separates it from 
I iW stomach and other alimentary viscera in the abdominal 
I wgion. The lungs fit closely, on either side of the heart, 
I ia this thoracic cavity ; and when the size of this cavity ia 
I itttfed by movements of the ribs and diaphragm, air is 
tjliier sucked into or expelled from the lungs through the 
timlpipe, which communicates nith the exterior through 
liie mouth or nostrils. It is unnecessary to describe 



* II h>« before been noticed that tbe orgsoa tliemu-'lTea bave llieir 

EM kmL The rhylhm of rest niid rt-pOBO in the heurt is not ib.it "I 
ivilf Btid *le<'p ur tliu orgBuiam, but that of tbe coutraction nuJ 
M ef the otxui ibelt 
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the minute structare of the lungs ; suffice it to say thai 
in the mammal, they contain a vast number of tubes, al 
communicating eventually with the windpipe, and terminal 
ing in little expanded sacs or bags. Around these littl 
sacs courses the blood in a network of minute capillar 
vessels, the walls of which are so thin and delicate tha 
the fluid they contain is only separated from the ga 
within the sacs by a film of organic tissue. 

The blood is a colourless fluid, containing a grea 
number of round red blood-discs, which, from their minot 
size and vast numbers, seem to stain it red. They ma; 
be likened to a fleet of little boats, each capable of beioj 
laden with a freight of oxygen gas, while the stream ii 
which they float is saturated with carbonic acid gas. Thi 
latter escapes into the air-sacs as the fluid courses throng! 
the delicate capillary tubes. 

Whither goes the oxygen ? Whence comes the carbonii 
acid gas? The answer to these questions is found b; 
following the course of the blood-circulation. The pro 
pulsion of the blood throughout the body is eflFected by tb 
heart, an organ consisting, in mammals, of two receiver 
(auricles) into which blood is poured, and two powerft 
force-pumps (ventricles), supplied with blood from tb 
receivers and driving it through great arteries to varioi 
parts of the body. There are valves between the received 
and the force-pumps and at the commencement of tl 
great arterial vessels, which ensure the passage of tb 
blood in the right direction. The two receivers lie side I 
side ; the two force-pumps form a single muscular mass 
and all four are bound up into one organ; but there i 
during adult life, no direct communication between tl 
right and left receivers or the right and left force-pumps. 

Let us now follow the purified stream, with its oxyge: 
laden blood-discs, as it leaves the capillary tubes of tl 
lungs. It generally collects, augmented by blood fro 
other similar vessels, into large veins, which pour the 
contents into the left receiver. Thence it passes on in 
the left force-pump, by which it iB propelled, through 
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tat arterial vestittl and the numerous liranclies it gives 
Lto the head and brain, to the body and limbs, to the 
iominnl viscera; in short, to all parts of the body 
ihpt the lungs. In all the parts thus Biipplied, the 
wis at length break np into a delicate capillary net- 
iBtk, 90 that the blood-fluid is bo- „ 

I from the tissue-cells only 
i tho dehcale organic film of the 
ttiUury walls. Then the blood 
^ins to re-oollect into larger and 
r veins. But a change has 
n place ; the blood-discs have 1 
lirered np to the tissues their f 
(liglit of oxygen ; the stream in ' 
• Wbiiih they float has been charged 
with carbonic acid gaa. The veins 
Itsding from various parts of the 
Wv converge upon the heart and 
]nar their contents into the right 
netiver; thence the blood passes 
into the right force-pump, by which 
il is propvlled, by arteries, to the ' . . -, , 

I ™i 11. ' plMLM of Iho ll(*li B.. Mplll«f/ 

lOii(^ Tht-re the blood-discs are pi™»oimei»dyi j-c.^ifrarnuiT' 
s?iin laden with oxygen, the stream o(ti«'i«irti it.V.,'riiuY=Btr.cjBi 
i>a.guin purified of its carbonic acid 

gu. and the blood proceeds on its course, to renew the 
ejcle of ita circulation. 

Now, if we study the process of respiration and that of 
tixcoliition, with which it is so closely associated, in other 
fanss of life, wc shall find many differences in detail. 
In the bird, for example, the mechanism of respiration is 
There is no diaphragm, and the Innga are 
mely distensible. There are, however, large au'-sacs in 
idomeu, in the thoracic region, in the fork of the 
y-thought, and elsewhere. These are diatenaible, and 
h them the air has to pass through the lunge, and 
B p&Bses through the dehcate tubes of the lungs, it 
plica the blood with oxygen and takes away carbonic 
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wgA CBiE. Is tbe frog ibere k xio diiplnciiiy and then 
srer BO ziiic Tbe lizoigs an LotDoir saK irzLh hooieT-eoiBbed 
fliatiEf lAd tbcT- m inflaied froon the mmnifa* idueh if 
nsbd ftE m ioroe-pniiip lor this pnjpDse. In the fish then 
s» BO hiTtfff, reepinticm hong efieeied Inr means of gills. 
Is thebe crgans the blood is separated iram the irater 
iridcdt pafiBes orer them (beiBg gulped in Ij the moath 
askd foro&d cnzt betirffeai the gul-c^aTeK * bj odIt a thin 
ofgsziit flTOj so that it can taike izp the axTgen dissohed in 
tht: iratv, and gire up to the vaier the eaihanie acid it 
ecffixaizis. In fishes, too, ve hare onlj one reedTer and 
%Mbk i'jrttb-jnnnji, the Uood p«^«mg throngh the gills on its 
VST to the rarioas parts of the bodj. In the lobster, again, 
there are gills, but the mechanism br vhieh the water is 
drawn orer them is quite different, and the Uood passes 
thrcmjEh them on its way to the heart, after passing 
throu^ the rarions organs of the body, not on its way 
from the heart, as in Tertebrate fishes. The blood, too, 
La£ no red blood-discs. In the air-breathing ioseets the 
meehanism is, again, altogether different. The air, whieh 
obtains access to the body by spiracles in the sides (see 
Fig. 1, p. 3^ is distribnted by deheate and beantifol tubes 
to -Jl parts of the organs ; so that the oxygen is supplied 
to the tissues directly, and not throngh the intervention of 
a blood-stream. In the earthworm, on the other hand, 
there is a distributing blood-stream, bat there is no 
mechanism for introducing the air within the body ; while 
in some of the lowliest forms of life there is neither any 
introduction of air within the body nor any distribution 
by means of a circulating fluid. Beginning, therefore, 
with the surface of the body simply absorbent of oxygen, 
we bare the concentration of the absorbent parts in special 
regions, and an increase in the absorbent surface, either 
(1) by the pushing out of processes into the surrounding 
medium, as in gills ; or (2) by the formation of internal 
cavities, tubes, or branching passages, as in lungs and the 
tracheal air-system of insects. 

"What, then, is the essential nature of the respiratory 
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prooess thaa bo difforently manifested ? Clearly the 
•upply of oxygen to the cellular tissue-elements, and, 
feuerally closely associated with this, the getting rid of 
Eubonie acid gaa. 

Let ns now glance at the life-processes which minister 
nutrition, beginning, aa before, with the mode in which 

processes are effected in ourselves. 
The alimentary canal is a long tube running through 
body from the mouth to the vent. In the abdominal 
it is coiled upon itself, bo that its great length may 
CDnveniently packed away. Opening into this tube are 
daota of certain glands, which secrete fluids which aid 
in the digestion of the food. Into the mouth there open 
the ducts of the salivary glands, which secrete the saliva ; 
in tho stomach there are a vast number of minute gastric 
gisnds; in the intestine, besides some minute tubular 
jiuuls, there are the ducts of the large liver (which 
^tea the bile) and the pancreas, or sweetbread. Since, 
the exception of the openings of these ducts, the 
itaiy canal is a closed tube, its contents, though 
ibe body, are in a sense outside it, just as the 
ibnlar boiler, though within the boiler, is really 
The organio problem, therefore, is how to get 
nntritive materials through the walls of the tube and 
thns into the body. 

At an ordinary meal we are in the habit of consuming 
a certain amount of meat, with some fat, together with 
ItW and potatoes, and perhaps some peas or beans and 
» little salt. This is followed by, say, milky rice-pudding, 
*itli which we take some sugar ; and a cheese course 
iwy. perhaps, be added. The whole is washed down with 
Wter more or less medicated with other fluid materials. 
C^?tlping these substances, there are (1) water and salts, 
indnding calcium phosphate in the milk; (2) meat, peas, 
milk, and cheese, all of which contain albuminous or allied 
outeriala; (3) bread, potatoes, and rioe, which contain 
itaroby matters ; and here wo may place the sugar ; (4) 
contained in the cream of 
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the milk. Now, of all the materials thus consumed, onlj 
the water, salts, and sugar are capable, in their unalterec 
condition, of passing through the lining membrane of th( 
alimentary canal, and thus of entering the body. Thi 
albuminous materials, the starchy matter, and the fat- 
that is to say, the main elements of the food — are, in thei 
raw state, absolutely useless for nutritive purposes. 

The preparation of the food begins in the mouth. Th 
saliva here acts upon some of the starchy matter, an 
converts it into a kind of sugar, which can pass throng 
the lining membrane of the alimentary canal, and thn 
enter the body. The fats and albuminous matters hei 
remain unaltered, though they are torn to pieces by th 
mastication effected by the teeth. In the stomach th 
albuminous constituents of the meat are attacked b; 
the gastric juice and converted into peptones ; and in thi 
new condition they, too, can soak through the lininj 
membrane of the alimentary canal, and thus can enter th< 
body. In the stomach all action on starch is arrested 
but in the intestine, through the effect of a fermea 
contained in the pancreatic juice, this action is resumed 
and the rest of the starch is converted into absorbable 
sugar. Another principle contained in pancreatic juice 
takes eflfect on the albuminous matters, and converts then 
into absorbable peptones. The pancreatic juice also act 
on the fats, converting them into an emulsion, that is t< 
say, causing them to break up into exceedingly minut 
globules, like the butter globules in milk. It furthermoi 
contains a ferment which splits up the fats into fatty aci^ 
and glycerine ; and these fatty acids, with an alkalii 
carbonate contained in small quantities in pancreatic juic 
form soluble soaps, which further aid in emulsifying fat 
The bile also aids in emulsifying fats. 

The effect, then, of the various digestive fluids upc 
the food is to convert the starch, albuminous materia 
and fat into sugar, peptones, glycerine, and soap, and thi 
render them capable of passing through the lining mei 
braue of the canal into the body. 



The Process of Life. 



27 



The materials tfaas absorbed are either taken up into 
blood-stream or pass into a separate system of vessela 
id lucteaia. All the blood which comes away from the 
lentary canal passes into the liver, and there undergoes 
deal of elaboration in that great chemical labora- 
o( the body. Tlie Huid in the lacteals passes throngh 
iphatic glands, in which it too undergoes some elabora- 
before it passes into the blood-stream by a large vessel 
[dact. 
Tlins the blood, which we have seen to be enriched with 
rgen in the lungs, is also enriched with prepared nutri- 
msterial through the processes of digestion and absorp- 
in the alimentary organs and elaboration in the liver 
lymphatic glands. 

Here let as again notice that the details of the process 
[lllttrition vary very much in different forms_of life. In 
mammals tbe organs of digestion are specially fitted 
deal with a flesh diet ; in others they are suited for a 
of herbs. In the graminivorous birds the grain is 
illoni^d whole, and pounded up in the gizzard. The 
Itech swallows nothing but blood. The earthworm pours 
out a secretion on the leaves, by which they are partially 
iigested before they enter tbe body. Many parasitic 
wcaniBms have no digestive canal, the nutritive juices of 
tbcir host being absorbed by the general external surface 
oftiie body. But the essential life-process is in all cases 
ft* same— the absorption of nutritive matter to be supplied 
totiiecell or cells of which the organism is built up. 

Thns in the mammal the blood, enriched with oxygen 
m (he lungs, und enriched also with nutritive fluids, is 
I'roHght, iu tbe course of its circulation, into direct or 
milirect contact with all the myriads of living cells in tbe 
Wy. 

In the first place, the material thus supplied is utilized 
fcruid ministers to tbe growth of the organs and tissues. 
Ihia growth is effected by the multiplication of the con- 
nitoc-iit culls. The cells themselves have a very limited 
tOTur of growth. But, especially in the early stages of 
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the life of the orciaiiisxiiy when irell Bupplied lifh imtii- 
meiit, the oellE multiplj rapidly, by a procesB of fisooo, 
or the dirision of each cell into two cjanphter oeDs. Htf 
first part of the cell to divide is the nnekniB, the proto- 
plasmic network of which shows, dniing the prooess, cnikmi 
and interesting arrangements and gronpingB of the fihm. 
When the nneleus has divided, the smronnding protoplaoi 
is constricted, and separates into two partionB, each of 
which contains a daughter nndens. 

In addition to the mnltiplicatian of oaOfi, there iB iliA 
formation, esyieciallT during periods of growth, of eertam 
products of cell-life and oell-actiTity. Bone, for example 
is a more or less permanent product of the actmty of 
certain specialized cells. 

There is, perhaps, no more wonderfnl instance of n^ 
and rigorous growth than the formation oi the antto of 
deer. These splendid weapons and adornments aie shed 
and renewed every year. In the spring, when they aia 
growing, they are covered over with a dark skm piwided 
with short, fine, close-set hair, and technically termed "tha 
velvet." If you lay your hand on the growing antler, joa 
will feel that it is hot with the nutrient Uood that ii 
coursing beneath it. It is, too, exceedingly sensitive and 
tender. An army of tens of thousands of busy living cells 
is at work beneath that velvet surface, building the bony 
antlers, preparing for the battles of autumn. Each minute 
cell knows its work, and does it for the general good— M 
perfectly is the body knit into an organic whole. It takes 
up from the nutrient blood the special materials it requires; 
out of them it elaborates the crude bone-stuff, at first boR 
as wax, but ere long to become as hard as stone ; and then, 
Ixaviug done its work, having added its special morsel to 
the fabric of the antler, it remains embedded and immured, 
buried Ix-neath the bone-products of its successors oi 
descendants. No hive of bees is busier or more replet< 
with active life than the antler of a stag as it grow 
t^eueath the soft, warm velvet. And thus are built up i 
the course of a few weeks those splendid '' beams," wit 



^■"tynes" and "snags," which, in the case of the 
^P, even in the confinement of ouf Zoologicid Gardens, 
k^ reach a weight of thirty-two pounds, and which, in 
&i freedom of the Rocky Momitains, may reach such a 
nze that a man may walk, without stooping, heneath the 
ti^iray made by setting np upon their points the shed 
Bliers. When the antler has reached its full size, A cir- 
Bolar ridge makes its appearance at a short distance from 
Bk base. This is the " burr," which divides the antler 
iUo a short "pedicel" nest the skull, and the "beam" 
tSu its branches above. The circulation in the blood- 
ihmJs of the beam now begins to languish, and the velvet 
ita and peels off, leaving the hard, dead, bony substance 
Ofniwj. Then is the time for fighting, when the stags 
rtuiU-oge each other to single combat, while the hinds 
Uind timidly by. But when the period of battle is over, 
ud the wars and loves of the year are past, the bone 
tiscath the burr begins to be eaten away and absorbed, 
Ibot^h the activity of certain large bone-eating cells, and, 
'Ik We of attachment being thus weakened, the beautiful 
itttlers are shed ; the scarred surface skins over and heals, 
ttd only the hair-covered pedicel of the antler is left,' 

Not only are there these more or less permanent 
IWdocts of cell-activity which are built np into the 
feuBi'work of the body ; there ore other products of a 
less (mdoring, but, in the case of some of them, not lesa 
liefal character. The secretions, for example, which, as 
*c have seen, minister in such an important manner to 
Itntritian, are of this class. The salivary fluids, the gastric 
jniee, the pancreatic products, and the bile,— all of these 
ire prodacts of cell-life and cell-activity. And then there 
in certain products of cell-life which must be cast ont 
pom the body as soon as possible. These are got rid of 
] the eicretions, of which the carbonic acid gas expelled 
I the lungs and the waste-products eliminated through 
le kidneys are examples. They are the ultimate organic 
R • po|iuUr nilicle of Itio author's i>u"IIoriia aad Antlure," in 
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products of the combustion that takes place in the 
muscular, nervous, and other tissues. 

The animal organism has sometimes been likened to 
a steam-engine, in which the food is the fuel which enters 
into combustion with the oxygen taken in through the 
lungs. It may be worth while to modify and modernize 
this analogy — always remembering, however, that it is aa 
analogy, and that it must not be pushed too far. 

In the ordinary steam-engine the fuel is placed in the 
fire-box, to which the oxygen of the air gains access ; the 
heat produced by the combustion converts the water in 
the boiler into steam, which is made to act upon the 
piston, and thus set the machinery in motion. But there 
is another kind of engine, now extensively used, which 
works on a different principle. In the gas-engine the fad 
is gaseous, and it can thus be introduced in a state of 
intimate mixture with the oxygen with which it is to unite 
in combustion. This is a great advantage. The two oan 
unite rapidly and explosively. In gunpowder the same 
end is effected by mixing the carbon and sulphur with 
nitre, which contains the oxygen necessary for their explo- 
sive combustion. And this is carried still further in dyna- 
mite and gun-cotton, where the elements necessary for 
explosive combustion are not merely mechanically mixed, 
but are chemically combined in a highly unstable com- 
pound. 

But in the gas-engine, not only is the fuel and the 
oxygen thus intimately mixed, but the controlled explo- 
sions and the resulting condensation are caused to act 
directly on the piston, and not through the intervention 
of water in a boiler. Whereas, therefore, in the steam- 
engine the combustion is to some extent external to the 
working of the machine, in the gas-engine it is to a large 
extent internal and direct. 

Now, instead of likening the organism as a whole to 
a steam-engine, it is more satisfactory to liken each cell 
to a gas-engine. We have seen that the cell-substance 
around the nucleus is composed of a network of proto- 
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pltxm, ihc plasmogen, enclosing within its mashes a more 
flaid material, the plasm. It is probable that this mora 
fluid material ia an explosive, elaborated through tbe vital 
letivjty of the protoplaamio network. During tbe period 
d repose which intervenes between periods of activity, the 
[coloplaaniic network is busy in construction, taking from 
the blood -disc a oiygen, and from the blood-iiiiid carbona- 
ceoQs and nitrogenous materials, and' knitting these 
together into relatively unstable explosive compounds. 
These explosive compounds are like the mixed air and gas 
of the gas-engine. A rested muscle may be likened to a 
eomplex and well-organized batteiy of gas-engines. On 
the stimulus Buppiied through a nerve-channel a series of 
eo-nrdinated explosions takes place : the gas-engines are aet 
to work; the muscular fibres contract; the products of the 
uploBtons (one of which is carbonic acid gas) are taken 
tip and harried away by the blood-stream ; and the proto- 
I^aEm seta to work to form a fresh supply of explosive 
material. Long before tbe invention of the gas-engine, long 
« gun-cotton or dynamite were dreamt of, long before 
(Bb Chinese or other inventor first mixed the ingre- 
> of gunpowder, organic nature bad utilized tbe 
Hiple of controlled explosions in the protoplasmic cell. 
fCertain cells are, however, more delicately explosive 
Those, for example, on or near the external 
hce of the body — those, that is to say, which constitute 
I end organs of the special senses — contain explosive 
I which may be fired by a touch, a sound, an 
, tbe contact with a sapid fiaid or a ray of light. 
Tie effects of the explosions in these delicate cells, rein- 
/orced in certain neighbouring nerve-knots (ganglionio 
etjlk), are transmitted down the nerves as along a fired 
iniin of gunpowder, and thus reach that wonderful aggre- 
[fttiun of organized and co-ordinated explosive cells, the 
fain. Here it is again reinforced and directed (who, at 
resent, can say how ?} along fresh nerve-obannels to 
Uueles, or glands, or otber organized groups of explosives. 

El, somehow associated with the explosioa 
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of the cells. While they are all working for the general 
good of the organism, they are divided into companies, each 
with a distinct and definite kind of work. This is known 
as the physiological division of labour. It is accompanied 
by a morphological dififerentiation of structure. By the 
form of a cell, therefore, we can generally recognize the 
kind of work it has to perform. The unstable compounds 
produced by the various cells must also be different, 
though not much is known at present on this subject. 
The unstable compound which forms bone and that which 
forms the salivary ferment, the unstable matter elaborated 
by nerve-cells and that built up by muscle-cells, are in 
all probability different in their chemical nature. Whether 
the formative plasmogen from which these different sub- 
stances originate is in all cases the same or in different 
cases different, we do not know. 

It may, perhaps, seem strange that the products of 
cellular life should be reached by the roundabout process 
of first producing a very complex substance out of which 
is then formed a less complex substance, useful for per* 
manent purposes, as in bone, or temporary purposes, as 
in the digestive fluids. It seems a waste of power to build 
up substances . unnecessarily complex and stored with an 
unnecessarily abundant supply of energy. Still, though 
we do not know that this course is adopted in all cases, 
there is no doubt that it is adopted in a great number of 
instances. And the reason probably is that by this method 
the organs are enabled to act under the influence of 
stimuli. They are thus like charged batteries ready to 
discharge under the influence of the slightest organic touch. 
In this way, too, is afforded a means by which the organ 
is not dependent only upon the products of the immediate 
activity of the protoplasm at the time of action, but can 
utilize the store laid up during a considerable preceding 
period. 

Sufficient has now been said to illustrate the nature 
of the process of life. The fact that I wish to stand out 
clearly is that the animal body is stored with large 
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qnantities of available energy resident in highly complex 
lad nnstable chemical compounds, elaborated by the 
eonstractive energy of the formative protoplasm of its 
eonstitnent cells. These unstable compounds, eminently 
explosive according to our analogy, are built up of materials 
derived from two different sources — from the nutritive 
matter (containing carbon, hydrogen, and nitrogen) 
absorbed in the digestive organs, and from oxygen taken 
up from the air in the lungs. The cells thus become 
charged with energy that can be set free on the application 
of the appropriate stimulus, which may be likened to the 
spark that fires the explosive. 

Let us note, in conclusion, that it is through the blood- 
system, ramifying to all parts of the body, and the nerve- 
system, the ramifications of which are not less perfect, 
that the larger and higher organisms are knit together into 
an organic whole. The former carries to the cell the raw 
materials for the elaboration of its explosive products, 
and, after the explosions, carries off the waste products 
vhich result therefrom. The nerve-fibres carry the stimuli 
by which the explosive is fired, while the central nervous 
system organizes, co-ordinates, and controls the explosions, 
and directs the process of reconstruction of the explosive 
compounds. 
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CHAPTER III. 

REPRODUCTION AND DEVELOPMENT. 

We have now to turn to a fresh aspect of animal life, 
that of reproduction; and it will be well to connect this 
process as closely as possible with the process of life in 
general, of which it is a direct outcome. 

It will be remembered that, in the last chapter, it was 
shown that the essential feature in the process of life is 
the absorption by living protoplasm of oxygen on the one 
hand and nutritive matter on the other hand, and the 
kneading of these together, in subtle metabolism, into 
unstable compounds, which we likened to explosives. This 
is the first, or constructive, stage of the life-process. 
Thereupon follows the second, or disruptive, stage. The un- 
stable compounds break down into more stable products, — 
they explode, according to our analogy ; and accompanying 
the explosions are manifestations of motor activity — of heat, 
sometimes of light and electrical phenomena. But in the 
economy of nature the products of explosion are often 
utilized, and in the division of labour among cells the 
explosions of some of them are directed specially to the 
production of substances which shall be of permanent or 
temporary use — for digestion, as in the products of the 
salivary, gastric, and intestinal glands ; for support, as in 
bone, cartilage, and skeletal tissue generally; or as a 
store of nutriment, in fat or yolk. The constructive pro- 
ducts of protoplasmic activity seem for the most part to be 
lodged in the spaces between the network of formative 
protoplasm. The disruptive products — those of them, that 
is to say, which are of temporary or permanent value to 
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\ organism — acoumulato either within the cell, some* 
les at one pole, Bometimes at the centre, as iii the ease 
Uie yolk of eggs, or aionnd the cell, aa in the case of 

ilage or bone. 
Apart from and either preceding or accompanjnug 

le phenomena, is the gro»-th or increase of the forma- 
\ protoplasm itself ; concerning which the point to be 
B observed is that it is not indefinite, but limited. 
is vaB first cleariy enunciated l»y Herbert Spencer, and 
jr )ie called Spencer's law. In Bimplest espression it 
f tlios be elated : VtAame lends to outrun surface. Take 
itw moasoring one inch in the side ; its volame is one 
is IDchi its surface sis square inches. Eight each cubes 
: have a surface of (6 x 8) forty-eight square inches. 
t let these eight be built luto a larger cube, two inches 

« side, and it will be foaud that the Horface exposed is 
' only twenty-four square inches. While the volume 

lieen increased eight times, the surface has been 

eased only four times. With increase of size, volume 

B to outrun surface. But in the organic cell the 
ritive material and oxygen are absorbed at the surface, 

e the explosive changes occur throughout its mass. 

ue of &ize, therefore, cannot be carried beyond certain 
Is, for the relatively dirainished surface is unable to 
)Iy the relatively augmented mass with material for 
oration into unstable compounds. Houco the cell 
i to &fford the same mass increased surface. This 
ess of cell-division is called tission, and in some cases 
rage. 

ffe will now proceed to pass in review the phenomena 

(production and development in animals. 

ittenlion has already been di-awn to the difference 

a those lowly organisms, each of which is composed 

i single cell — the protozoa, as they are termed — and 

i higher organisms, called metazoa, in which there 

many cells with varied functions. Confining our 
Btion at first to the former group of unicellular animals, 
find considerable diversities of form and habit, fi-um 
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two is not the same. One remains attached to the stalk, 
and expands into a complete vorticella. The other remains 
pear-shaped, and develops round the posterior regicm of 
the body a girdle of powerful vibratile cilia, by the lashing 
of which the animalcule tears itself away from the parent 
stem, and swims off through the water. After a short 
active existence, it settles down in a convenient spot, 
adhering by its posterior extremity. The hinder girdle of 
cilia is lost or absorbed, a stalk is rapidly developed, and 
the organism expands into a perfect vorticella. 

In some cases, however, the fission is of a different 
character, with different results. It may be very unequal, 
BO that a minute, free-swimming animalcule is disengaged ; 
or minute animalcules may result by repetition of division. 
In either case the minute form conjugates with an ordinary 
vorticella, its smaller mass being completely merged in the 
larger volume of its mate. 

There are, of course, many variations in detail in the 
modes of protozoan reproduction ; but we may say that, 
omitting such details, reproduction is either by simple 
fission or by spore-formation; and that these processes 
are in some cases associated with, and perhaps dependent 
on, the temporary or permanent imion of two individuals 
in conjugation. 

It is essential to notice that the results of fission or of 
spore-formation separate, each going on its own way. Hence 
such development as we find in the protozoa results from 
differentiations within the limits of the single cell. Thus 
the bell-animalcule has a well-defined and constant form ; 
a definite arrangement of cilia round the rim and in the 
vestibule by which food finds entrance to the body. The 
outer layer of the body forms a transparent cuticle, beneath 
which is a so-called "myophan " layer, continuous with a 
contractile thread in the stalk. Within the substance of 
the body is a pulsating cavity, or contractile vesicle, and a 
nucleus. Such is the nature of the differentiation which 
may go on within the protozoan cell. 

When we pass to the metazoa, we find that the method 
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Mereutiatian is different. These organiams are corn- 
id of many cells; and instead of the parts of the cell 
(eutiating in several directions, the several cells differ- 
tte each in its own special direction. This is known 
^e physiological division of labour. The cells merge 
r individuality in the general good of the organism. 
|ili, so to speak, cultivates some special protoplasmic 
rity, and neglects everything else in the attainment of 

end. The addt metazoan, therefore, consists of a 
iber of cells which have diverged in several, sometimes 
y, directions. 

la some of the lower metazoans, reproduction may be 
lied by fission. Thus the fresh-water bjdi-a is said to 
)e into two parts, each of which grows up into a perfect 
K. It is very doubtful, however, whether this takes 
le normally in natural life. But there is no donbt that 
iliydra be arti^cially divided into a number of special 

I, each will grow up into a perfect organism, so long 

ch piece has fair samples of the different cells which 
ttitnte the body-wall. Sponges and sea-anemones may 
(be divided and subdivided, each part having the power 
Wproducing the parts that are thus cut away. When . 
1 is cut in balf by the gardener's spade, the head ' 
grows a new tail ; and it is even stated that a worm 
only survived the removal of the first five rings, in- 
li&g the brain, mouth, and pharynx, bat within fifty- 
it days had completely regenerated these parts. 
Biglier up in the scale of metazoan Hfe, animals have 
fower of regenerating lost limbs. The lobster that 
lost a clavr reproduces a new one in its stead. A snail 
Kprodace an amputated "horn," or tentacle, many 
■ in BQccession, reproducing In each case the eye, with 
BIS and retina. Even a Uzard wUI regenerate a lost 
Dr a portion of a leg. In higher forms, regeneration 
Itriotcd to the healing of wounds and the mending of 

1 bones. 
loKely connected with this process of regeneration of 
parts is the widely prevalent process of reproduction 
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aurelia. Thus the fertilized ovam of aurelia develops, not 
into one, but into a number of medusse,* passing through 
the Hydra tuba condition as an intermediate stage. 

Many of the hydroid zoophytes, forming colonies of 
hydra-like organisms, give rise in the warm months to 
medusoid jelly-fish, capable of producing ova and sperms. 
Fertilization takes place; and the fertilized ova develop 
into little hydras, which produce, by budding, new colonies. 
In these new colonies, again, the parts which are to become 
ovaries or testes float off, and ripen their products in firee- 
swimming, medusoid organisms. Such a rhythm between 
development from ova and development by budding is 
spoken of as an alternation of generations. 

The fresh-water sponge (Spongilla) exhibits an analogons 
rhythm. The ova are fertilized by sperms from a different 
short-lived individual. They develop into sponges which 
have no power of producing ova or sperms. But on the 
approach of winter in Europe, and of the dry season in 
India, a number of cells collect and group themselves into a 
so-called gemmule. Bound this is formed a sort of crnst 
beset with spicules, which, in some cases, have the form of 
two tootfied discs united by an axial shaft. When these 
gemmules have thus been formed, the sponge dies ; but the 
gemmules live on in a quiescent state during the winter or 
the dry season, and with the advent of spring develop into 
sponges, male or female. These have the power of pro- 
ducing sperms or ova, but no power of producing gemmules. 
The power of producing ova, and that of producing gem- 
mules, thus alternates in rhythmic fashion. 

But one more example of these modified forms of 
reproduction can here be cited (from the author's text-book 
on "Animal Biology''). The liver-fluke is a parasitic 
organism, found in the liver of sheep. Here it reaches 
sexual maturity, each individual producing many thousands 
of eggs, which pass with the bile into the alimentary canal 
of the host, and are distributed over the fields with the 

♦ On the other hand, three ova of the crustacean Apu$ are said to coaleeoe 
to form the Binglc ovum from which oue embryo develops. 
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tlins prodace minute active bodies, adance with rest- 
motion. These opposite tendencies are repeated and 
lixed thronghout the animal kiugdom — ova relatively 
passive, and aeeumnlalivo of reserve materia! ; 
miimte, active, and tbe result of repeated fission. 
sctivG sperm, when it nnitea with the ovum, imports 
iDb) it a tendency to fission, or cleavage ; but the resulting 
•iDa do not part and scatter — they remain associated 
tieetber, and in mutual union give rise to a new sponge. 

In the hydra, generally near the foot or base of attach- 
Btnt-, a rounded swelling often makes its appearance in 
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^bmm. Within this swelling one central cell increases 
^bnaouely at the expense of the others. It becomes an 
fwum. Eventually it bursts through the swelling, hut 
lemaina attached for a time. Earely in the same hydra, 
mwt frequently in another, one or two swellings may be 
"wn higher up, beneath the circle of tentacles. Within 
'bese. instead of the single ovum may he seen a swarm of 
spenas, minnte and highly active. When these are dis- 
«tisrgtd, one may fuse with and fertilize an ovum, oeca- 
Btonaily in the same, bnt more fretiuently in another 
indmdual, with the result that it develops into a new 
fcj^a. Hero there are definite organs — an ovary and a 
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testis — producing the ova or the sperms. But they are 
indefinite and not permanent in position. 

In higher forms of life the organs which are set apart 
for the production of ova or sperms become definite in 
position and definite in structure. Occasionally^ as in the 
snail, the same organ produces both sperms and ova, bat 
then generally in separate parts of its structure. The two 
products also ripen at diJBferent times. Not infrequently, 
as in the earthworm, each individual has both testes and 
ovaries, and thus produces both ova and sperms, but from 
different organs. The ova of one animal are, however, 
fertilized by sperms from another. But in the higher 
invertebrates and vertebrates there is a sex-differentiation 
among the individuals, the adult males being possessed of 
testes only and producing sperms, the adult females pos- 
sessed of ovaries only and producing ova. There are also, 
in many cases, accessory structures for ensuring that the 
ova shall be fertilized by sperms, while sexual appetences 
are developed to further the same end. But however the 
matter may thus be complicated, the essential feature is 
the same — the union of a sluggish, passive cell, more or 
less laden with nutritive matter, with a minute active cell 
with an hereditary tendency to fission.* 

It is not, however, necessary in all cases that fertiliza- 
tion of the ovum should take place. The plant-lice, or 
Aphides of our rose trees, may produce generation after 

* Professor Geddes aod Mr. J. Arthur Thomson, in their interesting work 
on ** The Evolution of Sex," regard the ovum in especial, and the female in 
general, as preponderatingly anabolic (see note» p. 32) ; while the sperm im. 
especial, and the male in general, are on their view preponderatingly katabolio. 
Regarding, as I do, the food-yolk as a katubolio product, I cannot altogether 
follow them. Thed fferentiation seems to me to have taken place along diver- 
gent lines of katabolism. In the ovum, katabolism has given rise to stongv 
products; in the sperm, to motor activities associated with a tendency to 
fission. The contrast is not between anabolic and kuttibolio tendencies, but 
between storage katabolism and motor katabolism. Nor do I think that **th6 
essentially katabolic male-cell brings to the ovum a supply of charactenitifl 
waste products, or katastates, which stimulate the latter to division " (!.&, pt. 
1('<2). I believe that it brings an inherited tendency to fission, and thua 
reintroduces into the fertilized ovum the tendency which, as ovum, it bad 
renouuoed in favour of storage katabolism. 
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generation, and their offspring in turn reproduce in like 
manner, without any union or fusion of ovum or sperm. 
Tbe same is true of the little water-fiieas, or Daphnids; 
wbile in some kinds of rotifers fertilization is said never 
to oceur. It is a curious and interesting fact, which seems 
now to be established beyond question, that drone bees are 
developed from unfertilized ova, the fertilized ova pro- 
ducing either queens or workers, according to the nature of 
the food with which the grubs are supplied. Where, as in 
the ease of aphids and daphnids, fertilization occasionally 
takes place, it would seem that lowered temperature and 
diminished food-supply are the determining conditions. 
Fertilization, therefore, generally takes place in the 
aotunm ; the fertilized ovum living on in a quiescent state 
daring the winter, and developing with the warmth of the 
raceeeding spring. In the artificial summer of a green- 
hoose, reproduction may continue for three or four years 
vifhout the occurrence of any fertilization. 

Mention may here be made of some peculiarly modified 
modes of reproduction among the metazoa. The aurelia 
is a well-known and tolerably common jelly-fish. These 







Fig. 9. — Aurelia: Life-cjcle. 

i.coibi7D; 6, Bfdra tuba; c. Hydra tuba^ with medusoid segments; (i, medusa separated 
l»k«l(reeezJsteBoe. 

produce ova, which are duly fertilized by sperms from a 
different individual. A minute, free-swimming embryo 
develops from the ovum, which settles down and becomes 
% little poiyp-like organism, the Hydra tuba. As growth 
proceeds, this divides or segments into a number of se- 
parable, but at first connected, parts. As these attain their 
fall development, first one and then another is detached 
from the free end, floats off, and becomes a medusoid 
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cells is developed a heterogeneous system of different bu 
mutoally related tissues. 

This view of deyelopment is, however, the outcome o 
comparatively modem investigation and perfected micro 
scopical appliances. The older view was that developmen 
in aU cases is nothing more than differential growth, thai 
there is no differentiation of primitively similar int 
ultimately different parts. Within the fertilized ovum ^ 
the horse or bird lay, it was supposed, in all perfection i 
structure, a miniature racer or chick, the parts all thex* 
but too minute to be visible. All that was required ws 
that each part should grow in due proportion. Those wh 
held this view, however, divided into two schools. Tl: 
one believed that the miniature organism was containe 
within the ovum, the function of the sperm being mere! 
to stimulate its subsequent developmental growth. Th 
other held that the sperm was the miniature organism, tb 
ovum merely affording the food-material necessary for it 
developmental growth. In either case, this unfolding c 
the invisible organic bud was the evolution of the old^ 
writers on organic life. More than this. As Messir^ 
Geddes and Thomson remind us,* " the germ was m(p^ 
than a marvellous bud-like miniature of the adult. - 
necessarily included, in its turn, the next generation, am 
this the next — in short, all future generations. GeirJ 
within germ, in ever smaller miniature, after the fashic^ 
of an infinite juggler's box, was the corollary logicaL- 
appended to this theory of preformation and unfolding." 

Modem embryology has completely negatived any sn^ 
view as that of preformation, and as completely establish^ 
that the evolution is not the unfolding of a miniature gem3 
but the growth and differentiation of primitively similfli 
cell-elements. In different animals, as might be expected, 
the manner and course of development are different. ¥e 
may here illustrate it by a very generalized and so to 
speak diagrammatic description of the development of a 
primitive vertebrate. 

• " The Evolution of Sex," p. 84. 
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The OYum before fertilization is a simple spherical cell^ 
without any large amount of nutritive material in the 
form of food-yolk (^.)- I* contains a nucleus. Previous 
to fertilization, however, in many forms of life, portions of 
the nucleus, amounting to three parts of its mass, are got 
rid of in little "polar cells" budded off from the ovum. 
The import of this process we shall have to consider in 
eoimection with the subject of heredity. The sperm is also 
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Fig. 11. — Diagram of deyelopment. 
See text. The fine line across O. indicAtes the plane of section shown in JET. 

a nucleated cell ; and on its entrance into the ovum there 
we for a short time two nuclei — the female nucleus proper 
to the ovum, and the male nucleus introduced by the sperm. 
These two unite and fuse to form a joint nucleus. Thus the 
fertilized ovum starts with a perfect blending of the nuclear 
elements from two cells produced by different parents. 
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opening by which the primitive digestive tube commoni- 
cated with the exterior has during these changes closed 
up, so that the digestive cavity does not any longer 
communicate in any way with the exterior. This is 
remedied by the formation of a special depression or pit 
at the front end for the mouth, and a similar pit at the 
hinder end.* These pits then open into the canal, and 
communications with the exterior are thus established. 
The lungs and liver are formed as special outgrowths from 
the digestive tube. The ovaries or testes make their 
appearance at a very early period as ridges of the middle 
layer projecting into the body-cavity. For some time it 
is impossible to say whether they will produce sperms or 
ova ; and it is said that in many cases they pass through 
a stage in which one portion has the special sperm-pro- 
ducing, and another the special ovum-producing, structure. 
But eventually one or other prevails, and the organs 
become either ovaries or testes. 

Thus from the outer layer of the primitive embryo is 
produced the outer skin, together with the hairs, scales, 
or feathers which it carries ; from it also is produced the 
nervous system, and the end-organs of the special senses. 
From the inner layer is formed the digestive lining of the 
alimentary tube and the glands connected therewith ; from 
it also the primitive axial support of the body. But this 
primitive support gives place to the vertebral column 
formed round the notochord; and this is of mid-layer 
origin. Out of the middle layer are fashioned the muscles 
and framework of the body ; out of it, too, the heart and 
reproductive organs. The tissues of many of the organs 
are cunningly woven out of cells from all three layers. 
The lens of the eye, for example, is a little piece of the 
outer layer pinched oflf and rendered transparent. The 
retina of that organ is an outgrowth from the brain, which, 
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In technical language, the opening by which the primitive digestive 
cavity (or mesenteron) communicates with the exterior is called the blastopore. 
When tliis closes, the new opening for the mouth is caUed the stomoc2(Bum; 
that for the vent, the prociodosum. 
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It ve bsvG seen, was itself developed from the outer layer. 
Sot round the retina and the lens there is woven brom the 
iddie layer the tongb capsule of the eye and the circular 
tain or iris, The lining cells of the digestive tube are 
iDs of the inner layer, but the muscular aud elastic coats 
I ire of middle-layer origin. The lining cells of the salivary 
gUods arise from the outer layer where it is pushed in to 
form the mouth-pit ; bat the supporting framework of the 
gluids is derived from the cells of the middle layer. 

Enough has now been said to give some idea of the 

manner in which the different tissueB aud organs of the 

urganism are elaborated by the gradual dilferentiatiou of 

the initially homogeneous ovum. The cells into which the 

totilized egg segments are at first all alike; theu comes the 

divergence between those which are pushed in to line the 

hollow of the cup, aud those which form its outer biyer. 

Tbereafter foltowa the dififerentiation of a special baud of 

onter cells to form the nervous system, and a special rod, 

derived from the inner cells, to form the primitive axial 

I eopport. And when the middle layer has come into exist- 

, its cells group themselves and differentiate aJong 

icial lines to form gristle or bone, blood or muscle. 

The description above given is a very generalized and 

mmatic description. There are various ways in 

, complesity is introduced into the developmental 

The store of nutritive material present in the 

, for example, profoundly modifies the segmentation 

ID that where, as in the case of birds' eggs, there is a large 

■ iinount of food-yolk, not all the ovum, but only a httle 

patcb on its surface, undergoes segmentation. In this Httlo 

patch the embryo is formed. Break open an egg upon 

vliicb a hen has been sitting for five or six days, and you 

■ill Bee the httlo embryo chick lying on the surface of the 

yolk. The large mass of yolk to which it is attached is 

EDpIy a store of food-material from which the growing 

ick may draw its supplies. 

For it is clear that the growing and developing embryo 
t obtain, in some way and from some source, the food- 
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stufif for its nutrition. And this is effected, among different 
animals, in one of three ways. Either the embryo becomes 
at a very early stage a little, active, voracious, free- 
swimming larva, obtaining for itself in these early days of 
life its own living ; as is the case, for example, with the 
oyster or the star-fish. Or the egg from which it is de- 
veloped contains a large store of food-yolk, on which it can 
draw without stint ; as is the case with birds. Or else the 
embryo becomes attached to the maternal organism in 
such a way that it can draw on her for all the nutriment 
which it may require; as is the case with the higher 
mammals. 

In both these latter cases the food-material is drawn 
from the maternal organism, and is the result of parental 
sacrifice ; but in different ways. In the case of the^bird, 
the protoplasm of the ovum has acquired the power of 
storing up the by-products of its vital activity. The ovum 
of such an animal seems at first sight a standing contra- 
diction to the statement, made some pages back, that the 
cell cannot grow to any great extent without undergoing 
division or fission ; and this because volume tends to outrun 
surface. For the yolk of a bird's egg is a single cell, and 
is often of large size. But when we come to examine care- 
fully these exceptional cases of very large cells — for what 
we call the yolk of an egg is, I repeat, composed of a single 
cell — ^we find that the formative protoplasm is arranged as 
a thin patch on one side of the yolk in the case of the 
bird's egg, or as a thin pellicle surrounding the yolk in the 
case of that of the lobster or the insect. All the rest is a 
product of protoplasmic life stowed away beneath the patch 
or within the pellicle. And this stored material is relatively 
stable and inert, not undergoing those vital disruptive 
changes which are characteristic of living formative proto- 
plasm. The mass of formative protoplasm, even in the 
large eggs of birds, is not very great, and is so arranged 
as to offer a relatively extensive surface. All the rest, the 
main mass of the visible egg-yolk, is the stored product of 
a specialized activity of the formative protoplasm. But all 
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^■bs material is of parental origin — is elaborated &oia the 
^pntriment absorbed and digested by the mother. 

Thus we see, in tlie higher types of life, parental sacrifice, 
foeierage, and protection. For in the case of mammalB 
aad many birds, especially those which are born in a 
callow, half-fledged condition, even when the connection of 
mother and offspring is severed, or the supplies of food-yolk 
are exhansted, and the young are born or hatched, there is 
■till a more or less prolonged period during which the 
weakly offspring are nourished by milk, by a secretion from 
the crop ("pigeon's milk"), or by food-stnff brought with 
asaidnons care by the pEirents. There is a longer or 
diorteT period of fosterage and protection — longer in the 
ea«e of man than in that of any of the lower animals — ere 
the offspring are fitted to fend for themselves in life's 
straggle. 

And accompanying this parental sacrifice, first in 
mpplying food for embryonic development, and then in 
iffording fosterage and protection dming the early stages 
of j^wtb, there is, ae might well be supposed, a reduction 
in the number of ova produced and of young brought forth 
or batched. Many of the lower organisms lay hundreds of 
tbonsands of eggs, each of which produces a living active 
onbryo. The condor has but two downy fledglings in a 
jear ; the gannet lays annually but a single egg ; while 
the elephant, in the hundred years of its life, brings forth 
but half a dozen young. 

We shall have to consider by what means these opposite 
bndeocies (a tendency to produce enormous numbers of 
twder, ill-equipped embryos, and a tendency to produce 
fcw well-equipped offspring) have been emphasized. The 
potBt now to be noted is that every organism, even the 
■lowest breeder that exists, produces more young than are 
aiffident to keep up the numbers of the species. If every 
pair of organisms gave birth to a similar pair, and if this 
jwr sorvived to do likewise, the number of individuals in 
the species would have no tendency either to increase or 
lodimiaisb. But, as a matter of fact, autmals actually do 
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produce from three or four times to hundreds or even 
thousands of times as many new individuals as are neces- 
sary in this way to keep the numbers constant. This is 
the hiw of increase. It may be thus stated : The number of 
individuals ui every race or species of animals is tending to 
increase. Practically this is only a tendency. By war, by 
struggle, by competition, by the preying of animals upon 
each other, by the stress of external circumstances, the 
numbers are thinned down, so that, though the births are 
many, the deaths are many also, and the survivals few. 
In the case of those species the numbers of which are 
remaining constant, out of the total number bom only two 
survive to procreate their kind. We may judge, then, of 
the amount of extermination that goes on among those 
animals which produce embryos by the thousand or even 
the hundred thousand. The effects of this enormous death- 
rate on the progress of the race or species we shall have 
to consider in the next chapter, when the question of the 
differentiation of species is before us. 

There is one form of differentiation, however, which we 
may glance at before closing this chapter — the differentia- 
tion of sex. We are not in a position to discuss the ultimate 
causes of sex-differentiation, but we may here note the 
proximate causes as they seem to be indicated in certain 
cases. 

Among honey-bees there are males (drones), fertile 
females (queens), and imperfect or infertile females (workers). 
It has now been shown, beyond question, that the eggs 
from which drones develop are not fertilized. The presence 
or absence of fertilization in this case determines the sex. 
During the nuptial flight, a special reservoir, possessed by 
the queen bee, is stored with sperms in sufficient number 
to last her egg-laying life. It is in her power either to 
fertilize the eggs as they are laid or to withhold fertiliza- 
tion. If the nuptial flight is prevented, and the reservoir 
is never stored with sperms, she is incapable of laying 
anything but drone eggs. The cells in which drones are 
developed are somewhat smaller than those for ordinary 
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workers ; but what may be tbe nature of the stimaliis that 

pfompts the queen to withhold fertilization we at present do 

^aot know. The difference between the fertile queen and 

HBu anfertile worker secma to be entirely a matter of 

nutrition. If all the queen-embryos Bhonld die, the 

workers will tear down the partitions bo as to throw three 

ordinary worker-cells into one ; thoy will destroy two of the 

embryos, and will feed the third on highly nutritious and 

stnoolating diet ; with the result that tbe ovaries and 

aeeessory parts are fully developed, and the grub that 

vDold have become an infertile worker becomes a fertile 

qae«a. And one of the most interesting points about this 

change, thns wrought by a stimulating diet, is that not 

only are the reproductive powers thus stimulated, but the 

whole organism is modified. Size, general structure, sense- 

orEBDS, habits, instincts, and character are all changed 

with the development of the power of laying eggs. The 

organism is a connected whole, and you cannot modify one 

part without deeply influencing all parts. This ia the law 

of conflated variation, 

Herr Tung has made some interesting experiments on 
Udpoles. Under normal circumstances, the relation of 
females to males is about 57 to 43. But when the tadpoles 
»vnj well fed on beef, the proportion of females to males 
toso BO as to become 78 to 32 ; and on the highly nutritious 
flesh of frogs the proportion became 93 to 8. A highly 
nutritious diet and plenty of it caused a very large pre- 
ponderance of females. 

Sirs. Treat, in America, found that if caterpillars were 
ialf-Btarved before entering upon the chrysalis state, the 
proportion of males was much increased ; while, if they 
tere supplied with abundant nutritious food, the proportion 
of female insects was thereby largely increased. The same 
hw is said to hold good (or mammals. Favourable vital 
conditions are associated with the birth of females ; un- 
fftvotirable, with that of males. Herr Plosa attempts to 
■how that, among human folk, in hard times there are more 
ioys horn ; in good times, more girls. 
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On the whole, we mmj say thmt there is some evidence 
to show thmt in eeftain cases fsToorable conditions of 
temperature, and especially nntzition, tend to increase the 
mimber of females. We have seen that many animals 
pass throng a stage where the reprodactiye organs are not 
yet differentiated into male and female, while in some there 
is a temporary stage where the onter parts of the organ 
prodoce ora and the inner parts sperms. We have also 
seen that the ova are ceUs where storage is in excess ; the 
sperms are ceUs in which fission is in excess. Fayoorable 
nntritiye conditions may, therefore, not incomprehensibly 
lead to the formation of well-stored ova; nnfavoorable 
nntritiye conditions, on the other hand, to the formation of 
highly subdiyided sperms. By correlated variation,* the 
ova-bearing or sperm-bearing individuals then develop into 
the often widely different males and females. 

^ We hare teen that when Toimne tends to oatnm soifaoe, fission may 
take piaee, wherebj the same Tc^ome has iocreased surface. Bat in un- 
iaTOoiable notritiTe oonditions, the same snrfiMe which had before bem 
•ofBcient for notrition may become, under the less faTonnible circnmstanoee, 
insuiBcient, and fission may again take place to gire a larger absorbent snr- 
(aoe. Henee, powibly, the connection between insufficient nutriment and 
highly subdifided sperms. 
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CHAPTER IV. 

YABIATION AND NATURAL SELECTION. 

EvKKXTuiNGy 80 far as in it lies, said Benedict Spinoza, tends 
to persist in its own being. This is the law of persistence. 
It forms the basis of Newton's First Law of Motion, which 
ennnciates that, if a body be at rest, it will remain so unless 
acted on by some external force ; or, if it be in motion, it 
will continue to move in the same straight line and at a 
uniform velocity unless it is acted on by some external 
force. Practically every known body is thus affected by 
external forces ; but the law of persistence is not thereby 
disproved. It only states what would happen under certain 
exceptional or perhaps impossible circumstances. To 
those ignorant of scientific procedure, it seems unsatis- 
factory, if not ridiculous, to formulate laws of things, not as 
they are, but as they might be. Many well-meaning but 
not very well-informed people thus wholly misunderstand 
and mistake the value of certain laws of political economy, 
because in those laws (which are generalized statements of 
fact imder narrowed and rigid conditions, and do not pre- 
tend to be inculcated as rules of conduct) benevolence, 
sentiment, even moral and religious duty, are intention- 
ally excluded. These laws state that men, under motives 
arising out of the pursuit of wealth, will act in such and 
such a way, unless benevolence, sentiment, duty, or some 
other motive, lead them to act otherwise. Such laws, 
which hold good, not for phenomena in their entirety, but 
for certain isolated groups of facts under narrowed con- 
ditions, are called laws of the factors of phenomena. And 
since the complexity of phenomena is such that it is 
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difficult for the hnman mind to grasp all the interlacing 
threads of caosation at a .single glance, men of scienee 
have endeaToored to isolate their sexeral strands, and, 
applying the principle of analysis, without which reasoning 
is impossible, to separate ont the factors and detennine 
their laws. In this chapter we have to consider some of 
the factors of organic progress, and endeaTonr to determine 
their laws. 

The law of heredity may he regarded as that of persistence 
exemplified in a series of organic generations. When, as 
in the amoeba and some other protozoa, reproduction is by 
simple fission, two qnite similar organisms being thus pro- 
dnced, there would seem to be no reason why (modifications 
by surrounding circumstances being disregarded) hereditary 
persistence should not continue indefinitely. Where, how- 
eyer, reproduction is effected by the detachment of a single 
cell from a many-celled organism, hereditary persistence* 
will be complete only on the condition that this reprodacti?e 
cell is in some way in direct continuity with the cellfl of 
the parent organism or the cell from which that parent 
organism itself developed. And where, in the higher 
animals, two cells from two somewhat different parents 
coalesce to give origin to a new individual, the phenomena 
of hereditary persistence are still further complicated by 
the blending of characters handed on in the ovum and the 
sperm ; still further complication being, perhaps, produced 
by the emergence in the offspring of characters latent in 
the parent, but derived from an earlier ancestor. And if 
characters acquired by the parents in the course of their 
individual life be handed on to the offspring, yet further 
complication will be thus introduced. 

It is no matter for surprise, therefore, that, notwitb- 

• Samuel Butler in England, and Ewald Hering in Prague, hsTe in- 
geniously likened this hereditary persistence to "organic memory." Wb*-'" 
arc ordinarily called memory, habit, instinct, and embryonic reconstroctio** 
are all n?ferftblo to the memory of organic matter. The analogy, if used wit* 
due caution, is a helpful one, what we call memory being the psychical aspe^ 
(under certain special organic and neural conditions) of what under tb>' 
physical aspect wo call persistence. 



P^anaiiim and Natural Selection. 



«3 



inilisg the law of hereditary persiBtence, variationa 

lionlii occur la the offspring of animals. At the same 

m, it mast be remembered that tbe occurrence of Taria- 

is IB not and cannot be the result of roero chance ; but 

bftt ftll such variations are determined bj some internal or 

] inflaences, and are thus legitimate and important 

lUbJMts of biological investigation. In the next chapter 

K (ball consider at some length the phenomena of heredity 

d the origin of variations. Here we will accept them 

t fnrther discussioQ, and consider some of their con- 

ces. But even iiere, without discussing their origin, 

Bt establish the fact that variations do actually occur. 

Variations may be of many kinds and in different 

In colour, in size, in tbe relative develop- 

t of different parts, in complexity, in habits, and in 

] endowments, organisms or their organs may vary. 

i of mammals, of birds, and of insects are well 

ivue that colour is a variable characteristic. But these 

r-variations are not readily described and tabulated. 

e matter of sine tbe case is different. In Mr. Wallace's 

Kent work on " Darwinism " a number of observations 

n flize-variationa are collected and tabulated. As this is 

t of great importance, I propose to illustrate it some- 

nftt folly from some observations I have recently made of 

a wiug-bones of bats. In carrying out these observa- 

A and making the necessary measurements, I have bad 

« advantage of the kind co-operation of my friend Mr. 

f Chorhonnier, of Clifton, an able and enthusiastic 

lituralist.* 

natnre of the bat's wing will be understood by 
leaid of tbe accompanying figure (Fig, 12). In the fore 
imb the arm-bone, or humerus, ia followed by an elongated 
le composed of the radius and ulna. At the outer end 
I radius is a small, freely projecting digit, which 
oiesa claw. This answers to tbe thumb. Then follow 
vlong, slender bones, which answer to the hones in the 




Fifr. 12.— "Wing'* of bat (PtpiffreDe). 

Hu , iHiiiiriiiM, nr urin-Utno; Vl.^ coi\)oin<Hl radins and ulna, a bon« In tb« fiKeam; ft 
l>i.iu*, «tii«»riiiiK i>i our thumb; ii., iiu iv., y^ arctHid, third, fourth, and fifth (ttgitf of fl 
MI4I.M* ..I ii«iiil riir flKunm are placed n^ar the metacjurpalp, or palm-btinea. TbMri 

i.K I ii» lilt |iii«laii|c«-it. »., ff'mur or thigh-bone; 71, tibia, the chief booe of the dfli 

1 III. .iieiia kI liin lira, or t«K>t, are short and bear cUwa. On., calcar. 

Tlinhn (if ilio third and fourth make a considerable angi 
With thuHd and with each other, and form the stays of ill 
mill |mrt of tho wing. Beyond the metacarpals are tl 
ntimlliT jointn or phalanges of the digits, two or three I 
iMirh dif^ii. The third digit forms the anterior point ( 
apuK of tho >ving. The fourth and fifth digits for 
Hitfuindury points Whind this. Between these points tl 
wing iH Koalloped into bays. 

From tho point of the fifth or last digit the leathe 
wing inombrano sweeps back to the ankle. The bones 
tho hind limb are the femur, or thigh-bone, and the til 
(with a slender, imperfectly developed fibula). There a 
five toes, which bear long claws. From the ankle the 
runs backward a long, bony and gristly spur, whieh sen 
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> support the membrane wbicb stretches from the aokle 
lotbe iv^ (or nenr the tip) of the tail. 

Thus the wing of the bat consists of a membrane 
toetched on the expanded or spread fingers of the hand, and 
iwwping from the point of the little finger to the ankle, 
^elund the ankle thtre is a membrane reaching to the tip 
of tlie tail. This forms a sort of net in which some huts, at 
•ny rate, as I have myself observed, can catch insects. 

1 have selected the wing of the bat to exemplify varia. 
■ tion, (1) because the bones are readily measured even in 
iried specimens ; (2) because they form the mutually related 
■Jierts of a single organ ; and (3) because they offer facilities 
lor the comparison of variations, not only among the 
individuals of a single species, but also among several 
iietiiict species. 

The method employed baa been as follows : The several 
"bones have been carefully measured in millimetres,* and 
ill tlie bones tabulated for each species. Such tables of 
■figures are here given in a condensed form for three species 

«(UtB. 
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It would be troublesome to the reader to pick out the 
• A miUimclK is about j'l <tf an iftli. « woru ciuctlj -03937 iaoh. 
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meaning from these figures. I have, therefore, plotted m 
the measurements for four other species of bats in tabular 
form (Figs. 13, 14, 15, 16). 

Fig. 13, for example, deals with the common large 
noctule bat, which may often be seen flying high up on ; 
summer evenings. Now, the mean length of the radius and \ 
ulna in eleven individuals was 51*5 millimetres. Suppose 
all the eleven bats had this bone (for the two bones form 
practically one piece) of exactly the same length. There 
would then be no variation. We may express this supposed 
uniformity by the straight horizontal line running across 
the part of the figure dealing with the radius and ulna. 
Practically the eleven bats measured did not have this 
bone of the same length ; in some of them it was longer, 
in others it was shorter than the mean. Let us run 
through the eleven bats (which are represented by the 
numbers at the head of the table) with regard to this bone. 
The first fell below the average by a millimetre and a hal^ 
the length being fifty millimetres. This is expressed in the 
table by placing a dot or point three quarters of a division 
below the mean line. Each division on the table represents 
two millimetres, or, in other words, the distance between 
any two horizontal lines stands for two millimetres 
measured. Half a division, therefore, is equivalent to one 
measured millimetre ; a quarter of a division to half a milli- 
metre. The measurements are all made to the nearest half- 
millimetre. The second bat fell short of the mean by one 
millimetre. The bone measured 50*5 millimetres. The 
third exceeded the mean by a millimetre and a half ; the 
fourth, by three millimetres and a half. The fifth was a 
millimetre and a half above the mean ; and the sixth 
and seventh were both half a millimetre over the mean. 
The eighth fell short by half a millimetre ; the ninth and 
tenth by a millimetre and a half; and the eleventh by 
two millimetres and a half. The points have been con- 
nected together by lines, so as to give a curve of variation 
for this bone. 

The other curves in these four tables are drawn in exactly 
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Fig. 13.— Tbe uoctale ( Veiperago nocluia). 
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Fig. H.— The loDg-earc^ bat (Plecatw amniuty 
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Fig. 15. — The pipistrolle {y^ii^eraqo piptitrellus). 
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the same way. The mean length is Btated ; and the 
amount by vhich a bone in any bat exceeds or Mis short 
of the mean can be seen and readily estimated by means 
of the horizontal lines of the table. Any one can reconvert 
the tables into figures representing our actual measurements. 

Now, it may be saicl that, since some bats run larger 
than others, such variation is only to be expected. That is 
tme. But if the bones of the wing all varied equally, all the 
cMn'M wottbi he gimilar. That is clearly not the ease. The 
6e«ond metacarpal is the same length in 5 and 6. But the 
third metacarpal is two millimetres shorter in 6 than in 5. 
In 10 the radius and ulna are hnffer than in 11 ; but the 
second metacarpal is shorter in 10 than in 11. A simple 
inspection of the table as a whole will show that there is a 
good deal of intlependeiit variation among the bones. 

Tlie amount of variation is itself variable, and in some 
cases is not inconsiderable. In the long-eared bats 4 and 
6 in Fig. 14, the phalanges of the third digit measured 26'5 
millimetres in 4, and 34 millimetres in 5 — a difference of 
more than 28 per cent. This is unusually large, and it is 
possible that there may have been some slight error in the 
meaenremcnts.* A difference of 10 or 12 per cent, is, 
however, not uncommon. 

In any case, the observations here tabulated show (1) 
that variations of not inconsiderable amount occur among 
the related bones of the bat's wing ; and (2) that these varia- 
tions are to a considerable extent independent of each other. 

So far we have compared a series of individuals of the 
same species of bat, each table in Figs. 13-16 dealing 
vitb a distinct species. Let us now compare the different 
species with each other. To effect such a comparison, we 
mntit take some one bone as our standard, and we must 
loToI up our bats for the purposes of tabulation. I have 
selected the radius and ulna as the standard. In both the 

* In tKul; nil coeei tho larieurements were checked by comparing the 
two wing*. In nne oi two iDBtanci'B tliere were difererirea of as miicli as Iwo 
or Ibnw millimetri^t between the baiiea of the two sides at Ibu iKxIy, bat iu 
moat out* they elkctl; corrL'spuutlud. 
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noctule and the greater horseshoe bats the mean length of 
this bone is 61*6 millimetres. The bones of each of the 
other bats have been multiplied by such a number as will 
bring them up to the level of size in these two species. 
Mr. Galton, in his investigations on the variations of 
human stature, had to take into consideration the fact that 
men are normally taller than women. He found, however, 
that the relation of man to woman, so far as height is 
concerned, is represented by the proportion 108 to 100. By 
multiplying female measurements by 1*08, they were brought 
up to the male standard, and could be used for purposes of 
comparison. In the same way, by multiplying in each case 
by the appropriate number, I have brought all the species 
in the table (Fig. 17) up to the standard of the noctule. 
When so multiplied, the radius and ulna (selected as the 
standard of comparison) has the same length in all the 
species, and is hence represented by the horizontal line in 
the table. 

Compared with this as a standard, the mean length of 
the second metacarpal in the seven species is forty-three 
millimetres ; that of the third metacarpal, forty-four milli- 
metres ; and so on. The amount by which each species 
exceeds or falls short of the mean is shown on the table, 
and the points are joined up as before. Here, again, the 
table gives the actual measurements in each case. For 
example, if the mean length of the third metacarpal of the 
greater horseshoe bat be required, it is seen by the table 
to fall short of the mean by four horizontal divisions and^ 

a quarter, that is to say, by eight millimetres and a half 

The length is therefore (44 — 8J) 35*5 millimetres. 

Now, it will be seen from the table that the variation i 
the mean length of the bones in different species is mucl 
greater than the individual variations in the members 
the same species. The table also brings out in an interest 
ing way the variation in the general character of the win^^ 
The noctule, for example, is especially strong in the d^^ 
velopment of the second and third metacarpals, th3« 
phalanges of the third digit being also a little above thi6 
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% ^7.— Variations adjusted to the standard of the noctule. 
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average. Reference to the figure of the bat's ^ring oa 
p. 64 will show that these exoellenoes give length to {ha 
wing. It fails, however, in the metacarpal and phalangei 
of the fifth digit, and in the length of the hind leg y 
represented by the tibia. On consulting the figure of th* 
wing, it is seen that these are the bones which give breadik 
to the wing. Here the noctule fails. Its wing is, theiefoze, 
long and narrow. It is a swallow among bats. 

On the other hand, the horseshoe bats fail conspieor 
ously in the second and third metacarpals, though they 
make up somewhat in the corresponding digits. On the 
whole, the wing is deficient in length. But the phalangei 
of the fourth and fifth digits, and the length of the hinl 
limb represented by the tibia, give a corresponding increase 
of breadth. The wing is, therefore, relatively short and 
broad. The long-eared bat, again, has the third meta- 
carpal and its digits somewhat above the mean, and there- 
fore a somewhat more than average length. But it hu 
the fifth metacarpal with its digit and also the tibia 
decidedly above the mean, and therefore more than average 
breadth. Without possessing the great length of the 
noctule's wing, or the great breadth of that of the hone- 
shoe, it still has a more than average length and breadth. 

The total wing-areas are very variable, the femalea 
having generally an advantage over the males. I do not 
feel that our measurements are sufficiently accurate to 
justify tabulation. Taking, however, the radius and uhia 
as the standard for bringing the various species up to the 
same level, the greater horseshoe seems to have decidedly 
the largest wing-area ; the noctule stands next ; then come 
the lesser horseshoe and the long-eared bat; somewhat 
lower stands the hairy-armed bat ; while the pipistrelle 
and the whiskered bat (both small species) stand lowest.* 

Sufficient has now been said in illustration of the fact 

* Wo are anxious to extend our observations and to oomiiare series of bats 
from different localities. If any of my readers should feel disposed to help o*i 
by sending speoimons {\cith the locality duly indicated) to Mr. H. OliaiboniuWi 
7, The Triangle Soutb, Clifton, Bristol, inre shall bo grateful. 
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Uat TariatioQs in the lengths of the bones in the bat's 
wing do actually occur in the various individuals of one 
sp«cies ; that the variations are independent ; and that the 
different species and genera have the character of the wing 
determined by emphasizing, so to speak, variations in 
Ipecial directions. I make no apology for having treated 
tbe matter at Rome length. Those who do not care for 
dfcluils will judiciously exercise their right of skipping. 

As before mentioned, Mr. Wallace has collected and 

iabuliited other observations on size and length variations. 

And in addition to such variations, there are the mimeroua 

j toIoar-Tariations that do not admit of being so readily 

tabalated. Mr, Cockerell tells us that among enail-shelle, 

1 taking variations of banding alone, he knows of 252 

I tirieties of Helix nentoralis and 128 of H. hortensix.* 

That variations do occur under nature is thus un- 

\ questionable. And it ia clear that all variations necessarily 

; I&U nndor one of three categories. Either they are of 

I advantage to the organism in which they occur ; or they are 

I disadvantageous ; or they are neutral, neither advantageous 

Hot disadvaotageous to the animal in its course through life- 

We mast next revert to the fact to which attention waa 

dtftwn in the last chapter, that every species is tending, 

Hirongh natural generation, to increase in numbers. Even 

in the case of the alow-breeding elephant, the numbers tend 

to increase threefold in each generation ; for a single pair 

of elephants give birth to three pairs of young. In many 

' inimalB tbe tendency is to increase ten, twenty, or thirty- 

[ Wd in every generation ; while among fishes, amphibians, 

d great nambers of the lower organisms, the tendency ig 

I to multiply by a hundredfold, a thousandfold, or even in 

I lome cases ten thousandfold. But, as before noticed, this 

lis only a tendency. The law of increase is a law of one 

I keiOT in life's phenomena, the reproductive factor. In any 

* Katim, ToL ili. p. 3Q3. Tlie Tnriation in molluBoa is often consideTablB. 

Mof llie bufa iu the boseuivnt liall nf the Nuliiml History Mur 

■ ihoiriDg tha vniiation in aixe, foim, khiI Mul|>turing of Palttdomvt 1 
nfui, ohicb i> fuuod iq the btieams of Ceyton. These farietiw liBTe ll 
It (isiM been n&uied aa toa dislUict apeck-B I 
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area, the conditions of which are not undergoing change, 
the nunibers of the species which constitute its fauna 
remain tolerably constant. They are not actually increasing 
in geometrical progression. There is literally no room for 
such increase. The large birth-rate of the constituent 
species is accompanied by a proportionate death-rate, or 
else the tendency is kept in check by the prevention of 
certain individuals from mating and bearing young.* 

Now, the high death-rate is, to a large extent among 
the lower organisms and in a less degree among higher 
animals, the result of indiscriminate destruction. When 
the ant-bear swallows a tongue-load of ants, when the 
Greenland whale engulfs some hundreds of thousands of 
fry at a gulp, when the bear or the badger destroys whole 
nests of bees, — in such oases there is wholesale and indis- 
criminate destruction. Those which are thus destroyed are 
nowise either better or worse than those which escape. At 
the edge of a coral reef minute, active, free-swimming coral 
embryos are set free in immense numbers. Presently they 
settle down for life. Some settle on a muddy bottom, 
others in too great a depth of water. These are destroyed. 
The few which take up a favourable position survive. But 
they are no better than their less fortunate neighbours. 
The destruction is indiscriminate. So, too, among fishes 

♦ More obeeirationB and fuller knowledge on this latter point and on the 
relative numbers of the seizes in different species are much to be desired. It 
is clear that the number of offspring mainly depends upon the number of 
females. But if it be true that good times and favourable conditions lead 
to an increased production of females, while hard times and unfaTOurable 
conditions lead to a relative increase of males, then it is evident that good 
times will lead to a more rapid increase and hard times to a less rapid increase 
of the species. Suppose, for example, in a particular district food and other 
conditions were esptcially favourable for frogs. Among the well-nourished 
tadpoles there would be a preponderance of females. In the next generation 
the many females would produce abundant offspring (for one male may 
fertilize the ova laid by several females). There would be a greater numb«' 
of tadpoles to comp)eto for the same amount of nutriment. They would be 
less nouriuhed. There would be less females ; and in the succeeding genera- 
tion a diminished number or tadpoles. Thus to some extent a balance between 
the number of tadpoles and the amount of available nutrition would be main- 
tained. These conclusions are, perhaps, too theoretical to be of much value, 
while the tendency heire indicated would be but one factor among many. 
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tod the many marine forms which produce a great nnmbt 
of fertilized cgga giriiig rise to embryos that are from % 
early period free-Bwimraing and self-supportiDg. 
emhryoa are decimated by a destruction which is qiiitj 
iodiscriEiiiiiate. And again, to take but one more example, 
tbv liver-fluke, whose life-hiBtory was sketched in the last 
cbflpter, produces its tens or hundreds of thousands of 
0T8. But the chances are enormously against their com- 
pleting their life-cycle. If the conditions of temperature 
and moisture are not favourable, the embryo is not hatched 
or soon dies ; even if it emerges, no further development 
totes place unless it chances to come in contact with a 
particular and not very common kind of water-snail. When 
it emerges from the intermediate host and settles on a 
blaJe of grass, it must still await the chauce of that blade 
bomg eaten by a sheep or goat. It is said that the chances 
are eight milHonB to one against it. and for the most part 
itB preservation is due to no special excellence of its own. 
The destruction is to a large extent, though not entirely, 
indiscriminate. 

Even making all due allowance, however, for this indis4 
wiminate destruction — which is to a large extent avoidm 
by those higher creatures which foster their young — there 
remain more individuals than suffice to keep up the normal 
numbers of the species. Among these there arises a 
^ggle for existence, and hence what Darwin named''| 
Mtura/ wXcction. 

"How will the struggle for existence" — I quote, witl 
some omissions, the words of Darwin— "act in regard t 
*wiation '} Can the principle of selection, which : 
potent in the hands of man, apply under nature ? I thin] 
lliat we shall see that it can act most efficiently. Let the 
Mdlesa number of slight variations and individual differ- 
I be borne in mind ; as well as the strength of the 
hereditary tendency. Let it also be borne in mind how 
•ofinitely complex and close-fitting are the mutual relations 
of al] organic beings to each other and to their physical 
condiUona of life ; and consequently what infinitely varie^ 



yS Animal Life and Intdligence. 

diversities of stmcture might be of nse to each being under 
changing conditions of life. Can it, then, be thought 
improbable, seeing that variations useful to man have 
undoubtedly occurred, that other variations, useful in some 
way to each being in the great and complex battle of life, 
should occur in the course of many successive generations? 
If such do occur, can we doubt (remembering that many 
more individuals are bom than can possibly survive) that 
individuals having any advantage, however slight, over 
others, would have the best chance of surviving and of 
procreating tbeir kind ? On the other hand, we may feel 
sure that any variation in the least degree injurious would 
be rigidly destroyed. This preservation of favourable indi- 
vidual differences and variations, and the destruction of 
those which are injurious, I have called Natural SelectioD, 
or the Survival of the Fittest. Variations neither useful 
nor injurious would not be affected by natural selection, 
and would be left either a fluctuating element, or would 
ultimately become fixed, owing to the nature of the 
organism and the nature of the conditions." * 

" The principle of selection," says Darwin, elsewhere, 
" may conveniently be divided into three kinds. Methodical 
selection is that which guides a man who systematically 
endeavours to modify a breed according to some pre- 
determined standard. Unconscious selection is that which 
follows from men naturally preserving the most valued 
and destroying the less valued individuals, without any 
thought of altering the breed. Lastly, we have Natural 
selection, which implies that the individuals which are best 
fitted for the complex and in the course of ages changing 
conditions to which they are exposed, generally survive 
and procreate their kind." t 

I venture to think that there is a more logical division 
than this. A man who is dealing with animals or plants 
under domestication may proceed by one of two well-con- 
trasted methods. He may either select the most satisfac- 

♦ "Origin of Spocies," pp. 62, 63. 

t *' Auimals and Plauts under DomestioatiQn," vol. u. p. 177. 
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lorr indmduals or he may reject the most unsatisfactory. 
We may term the former process selection, the latter 
lidmination. Suppose that a gaidener is dealing with a 
thti of geraniams. He may either pick out first the best, 
:u tJie second best, then the third, and so on, until he 
his selected as many as he wishes to preserve. Or, on 
(he other band, he may weed out first the worst, then in 
encce-ssion other unsatisfactory stocks, until, by eliminating 
the failures, he has a residue of sufGcicntly satisfactory 
SoKers. Now, I think it is clear that, even if the ultimate 
mult is the same (if, that is to say, he selects the twenty 
ht»i, or eliminates all but the twenty best), the method of 
procedure is in the two cases different. Selection is applied 
At one end of the scale, elimination at the other. There is 
m difference in method in picking out the wheat-graina (like 
ft Eparrow) and scattering the cliaff by the wind. 

Under nature both methods are operative, but in very 
different degrees. Although the insect may select the 
brigbtest flowers, or the hen-bird the gaudiest or most 
tuneful mate, the survival of the fittest under nature is in 
the main the net result of the slow and gradual process of 
the elimination of the unfit.* The best-adapted are not, 
ire in exceptional cases, selected ; but the ill-adapted are 
led out and eliminated. And this distinction seems to 
of sufficient importance to justify my suggestion that 
natural aeUction be Bubdivided under two beads— jialnraZ 
ttimittatioit, of widespread occurrence throughout the 
viimal world; and selection proper, involving the element 
individual or special choice. 

The term "natural elimination" for the major factor 
definitely to connect the natural process with that 
iggle for existence out of which it arises. The struggle 
existence is indeed the reaction of the organic world 
forth fay the action of natural elimination. Organisms 
tending to increase in geometrical ratio. There is not 

a to tbe Tact that (he bats whose wing-bone 
arc lliotfl which Love so far BUiTived aiid 
<w in progccu. 
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room or Bubsistence for the many bom. The tendency 
therefore held in check by elimination, involving the Btrogi 
for existence. And the factors of elimination are thK 
first, elimination through the action of surrounding phyd' 
or climatic conditions, under which head we may take bi 
forms of disease as are not due to living agency ; seeom 
elimination by enemies, including parasites and zyni< 
diseases ; and thirdly, elimination by competition. It 
be convenient to give some illustrative examples of eacl 
these. 

Elimination through the action of surrounding phys 
conditions, taken generally, deals with the very grounds 
or basis of animal life. There are certain elemeni 
mechanical conditions which must be fulfilled by e^ 
organism however situated. Any animal which failE 
fulfil these conditions will be speedily eliminated. TI 
are also local conditions which must be adequately i 
Certain tropical animals, if transferred to temperate 
sub-Arctic regions, are unable to meet the requirement) 
the new climatic conditions, and rapidly or gradually « 
Fishes which live under the great pressure of the deep 
are killed by the expansion of the gases in their tiss 
when they are brought to the surface. Many fresh-wi 
animals are killed if the lake in which they live be in?a 
by the waters of the sea. If the water in which corals \ 
be too muddy, too cold, or too fresh — ^near the mouth c 
great river on the Australian coast, for example — ^they 
die off. During the changes of climate which prece 
and followed the oncoming of the glacial epoch, there n 
have been much elimination of this order. Even ue 
less abnormal conditions, the principle is operative. Dai 
tells us that in the winter of 1854-5 four-fifths of 
birds in his grounds perished from the severity of 
weather, and we cannot but suppose that those who y 
thus eliminated were less able than others to cope wit 
stand the effects of the inclement climatic conditions, 
colleague, Mr. G. Munro Smith, informs me that, in c 
vating microbes, certain forms, such as Bticillus viola 
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I jlfifTococeiw prodiffiosm, remain in the field daring 

!d weather when other less hardy microbes have perished. 

■e insects of Madeira may fairly be regarded aa affording 

ther instance. The ground-loving forms allied to 

■ects of normnlly slow and heavy flight have in Madeira 

come wingless or lost all power of flight. Those which 

itempted to fly have been swept out to sea by the winds, 

d have thus perished ; those which varied in the direction 

Idiminished powers of flight have survived this eliminating 

On the other hand, among flower-frequenting 

ms and thoee whose habits of life necessitate flight, the 

IB insects Iiave stronger wings than their mainland 

Here, since fliglit could not be abandoned without 

Icomplete change of life-habit, since all must fly, those 

1 weaker powers on the wing have been eliminated, 

kving those with stronger flight to survive and procreate 

r kind." In Kerguelen Island Mr. Eaton has found 

lit all the insects are incapable of flight, and most of them 

I a more or less wingless condition.! Mr. Wallace regards 

e lednction in tbe size of the wing in the Inle of Man 

tisty of the small tortoise shell butterfly as due to the 

idual elimination of larger-winged individuals.! These 

|E oases of ehmination through tbe direct action of sm*- 

iding physical conditions. Even among civilized 

lan folk, this form of elimination is still occasionally 

rntive — in military campaigns, for example (where the 

liality from hardships is often as gi-eat as the mortahty 

1 shot or steel), in Arctic expeditions, and in arduous 

nvels. But in early times and among savages it mast be 

I wore important factor. 

Elimination by enemies needs somewhat fuller exempli- 

!&tion. Battle within battle must, throughout nature, 

I Darwin says, be continually recurring with varying 

The stronger devour the weaker, and wage war 

ti each other over the prey. In the battle among oo- 

instes the weaker are eliminated, the stronger prevail. 

• "Origin ofSpcdeB," p. 109. t " Dftrwioiam," p. 100. 
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When the weaker are preyed upon by the stronger and a 
fair fight is out of the question, the slow and heavy succumb, 
the agile and swift escape ; stupidity means elimination, 
cunning, survival ; to be conspicuous, unless it be for some 
nasty or deleterious quality, is inevitably to court death : 
the sober-hued stand at an advantage. In these cases, if 
there be true selection at work, it is the selection of certain 
individuals, the plumpest and most toothsome to wit, for 
destruction, not for survival. 

This mode of elimination has been a factor in the 
development of protective resemblance and so-called, 
mimicry, and we may conveniently illustrate it by reference 
to these qualities. If the hue of a creature varies in the 
direction of resemblance to the normal surroundings, it will 
render the animal less conspicuous, and therefore less liable 
to be eliminated by enemies. This is well seen in the 
larvsB or caterpillars of many of our butterflies and moths. 
It is not easy to distinguish the caterpillar of the clouded 
yellow, so closely does its colour assimilate to the clover 
leaves on which it feeds, nor that of the Lulworth skipper 
on blades of grass. I would beg every visitor to the 
Natural History Museum at South Kensington to look 
through the drawers containing our British butterflies and 
moths and their larvae, in the further room on the base- 
ment, behind the inspiring statue of Charles Darwin. Half 
an hour's inspection will serve to bring home the fact of 
protective resemblance better than many words. 

It may, however, be remarked that not all the cater- 
pillars exhibit protective resemblance ; and it may be 
asked — How have some of these conspicuous larvae, that of 
the magpie moth, for example, escaped elimination ? What 
is sauce for the Lulworth goose should be sauce for the 
magpie gander. How is it that these gaudy and variable 
caterpillars, cream-coloured with orange and black mark- 
ings, have escaped speedy destruction ? Because they are 
so nasty. No bird, or lizard, or frog, or spider would touch 
them. They can therefore afford to be bright-coloured. 
Nay, their very gaudiness is an advantage, and saves them 
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from being the subject of unpleasant esperimentB in tbe 
matter. OtLer caterpillars, liife the palmer-worms, are 
protected by barbed hairs that are intensely irritating. 
Tbey, too, can afford to be couspicuoiis. But a sweet and 
edible caterpillar, it conspituous, is eaten, and thus by the 
ktion of tbe conspicuous the numerous dull green or 
larvai have survived. 
A italk through the Bird Gallery in the National 
toUection will afford examples of protective resemblance 
UQong birds. Look, for example, at the Kentish plover 
tilh its eggs and young — faithfully reproduced in our 
frontispiect — and the way in wiiich the creature is thus 
protected in early stages of its life will be evident. The 
iime-curlew. the ptarmigan, and other birds illustrate the 
ame fact, wbicb is also seen with equal clearness in many 
nimmals, the bare being a familiar example. 
Many oceanic organisms are protected through general 
fiablance. Some, like certain medusa), are transparent. 
pellucid or transparent sole of tbe Pacific (,-lc/iints 
'.tmdita), a little fish about three inches long, is so trans- 
it that sand and seaweed can be seen distinctly 
ingh its tissues. The salpa is transparent save for tbe 
Itestine and digestive gland, which are brown, and look 
like shreds of seaweed. Other forms, like the pbysaiia, 
are cerulean bine. The exposed parts of flat-fish are 
brown and sandy coloured or speckled like tbe sea-bottom ; 
uil in Bome the sand-grains seem to adhere to the skin. 
Bo, too, with other fish. " Looking down on the dark back 
of a fish," Bays Mr. A. B. Wallace, " it is almost invisible, 
while to an enemy looking vp from below, the light under 
Eurfauu would be equally invisible against the light of 
clooits and sky." Even some of the most brilliant and 
fSQiliest fish, such as the coral-fiah (Chatndim.Plalyijhss'ia, 
and othtrB), are brightly coloured in accordance with the 
li«ai)tiful tints of the coral-reefs wbicb form their habitat ; 
the bright-grten tints of some tropical forest birds being 
of like import. No conception of the range of protective 
reeemblonce can be formed when the creatures are seen 
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or jlriTrd L34:iascii fr:!ii ^iistvc am r utm dings. The zebra is 
a ^TizSciemlj ct:n5UL«:iii:G* ahttwaT Jn ^ menagerie ot i 
inx*-»=TirrL : and j-it i£r. »>ilt.:?ii assures us that, in the brigjil 
stariiriid of an Afriotkzi iii^«. jou maj hear one faieaihing 
ts^^K cT jjo. an-i b^ rosiiv\?lT onable to see the animaL 
A t^iok anisLu ^ocLld be viifole : a white animal would be 
Ti=i?.Le: z^i :I:c zccri'5 bli*!k and white so hlend in the 
dtiak a* ;o rfn-icr hiis. izi<ii:z:sricaous. 

To ci:e b:i« one m^rre ei:ample, this time from fhe 
inTtr:ebra;cS. Frrressrr Herdman found in a rock-pool 
on ihe wc:?t ciiast jf Soocland ** a peculiariy coloured speci- 
men of the ciprnmon sea-slag i r^n^ tic&ermfato). It was 
Ivinz Dn a mass of voloanic r^ok of a duU-green colour, 
parriallv CiDvereJ with rounded spreading patches of a 
purplish pink nullipore. and having numerous whitish 
yelloTT .<r.'r r'./* shells scattered over it — ^the general effect 
being a mottled surface of dull green and pink peppered 
over with little cream-coloured spots. The upper smfaee 
of the Doris was of precisely the same colours arranged in 
the same way. . . . We picked up the Doris, and remarked 
the bricrhtness and the unusual character of its markings, 
and then replaced it upon the rock, when it once more 
became inconspicuous.*' * 

Then, too. there are some animals with variable pro- 
tective resemblance — the resemblance changing with a 
changing environment. This is especially seen in some 
Northern forms, like the Arctic hare and fox, which change 
their colour according to the season of the year, being 
brown in summer, white and snowy in winter. The cham»- 
Icon varies in colour according to the hue of its surround- 
ings through the expansion and contraction of certain 
pigment-cells ; while frogs and cuttle-fish have similar bnt 
less striking powers, ilr. E. B. Poulton'sf striking and 
beautiful experiments show that the colours of caterpillars 

• IV>cccdings Liverpool Biological Society, 1S89. 

t Siiico tliis ^li?ij>ter was written, Mr. Poulton has published his interesting 
nn*! vjilfiaMo w-^rk on **Thc Colours of Animals," from which I hare oon- 
tiivo<i to insert one or two additional examples. 
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irysalide reared from the same brood will vary accord- 
the oolonr of their BurroundiugH, 
ibJB process of protective resembiance be carried far, 
iDeral resemblance in hue may pass into special 
ilaace to particular objeets. The Btick-iusect and 
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have Qoticed bow wonderfol is the pToteetiTe resemblance 
to a twig when the larra is still and motionlesB, for the 
veiy reaeoD that the resemblance is so marked that the 
organism at that time escapes, not only easnal obserration, 
bnt even carefnl search. Fig. 19 gives a representation 
of a locost with special protective resemblance to a leaf — 
not a perfect leaf, but a leaf with fongoid blotches. This 
insect and the stick-caterpillar may be seen in the insect 
exhibits on the basement at Sonth Kensington, having 
been figured from them by the kind permission of Professor 
Flower. 




Pig. 19,— A loouBt (Cyelopltra ipeeulata) which cloKly resemblM a. leaf. 
(From BD exhibit in the Biitiah NntnreJ Historj Hnseniii.) 

Perhaps one of the most striking instances of special 
protective resemblance is that of the Malayan leaf-bntterfly 
{Kallima paratecta). So completely, when the wings are 
closed, does this insect resemble a leaf that it requires a 
sharp eye to distinguish it. These butterflies have, more- 
over, the habit of alighting very suddenly. As a recent 
observer (Mr. S. B. T. Skertchly) remarks, they " fly rapidly 
along, as if late for an appointment, suddenly pitch, close 
their wings, and become leaves. It is generally done so 
rapidly that the insect seems to vanish." • Instances might 

■ Ann. and Mag. Kat. Bill., Beptember, 1889, p., 209, quoted by PoqIUhi, 
"Ooloun of AnimBls," p. S5. 
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be moltiplied mdefinitelir. Mr. Gnppy tbne describea a 
of crab in the Solomon Islands : " The light purple 
[tolonr of its carapace corresponds with the hue of the coral 
the base of the branehcR, where it lives ; whilst the light 
coloar of the big claws, as they are held up in their 
nmaJ attitude, similarly imitates the colour of the branches. 
To make the guise more complete, both carapace and claws 
possess rude hexagonal markings which correspond exactly 
iuBize and appearance with the polyp-cells of the coral." " 
When the special protective resemblance is not to an 
iunimate object, but to another organism, it is termed 
mimicry. It arises in the following way : — 

Many forms, especially among the invertebrates, escape 
elimination by enemies through the development of offen- 
sire weapons (stings of wasps and bees), a bitter taste (the 
Heliconidie among butterflies), or a bard external covering 
(ibe weevils among beetles). The animals ■which prey 
npon these forms leam to avoid these dangerous, nasty, 
or indtgeetible creatnres ; and the avoidance is often in- 
flttnctire. It thus becomes an advantage to other forma. 
Hot thus protected, to resemble the animals that have these 
characteristics. Such resemblance is termed mimicry, 
concerning which it must be remembered that the mimicry 
18 unconscious, and is reached by the elimination of those 
forms which do not possess this resemblance. Thus the 
LfptjiiU. a perfectly sweet insect, closely resembles the 
Mflkiriui, a butterfly producing an ill-smelling yellow fluid. 
The quite harmless Chjtiis arietis, a beetle, resembles, not 
oiily in general appearance, but in its fussy walk, a 
WMp. The Boft-skinned Doliopa, a longicorn, resembles the 
rtrongly encased Pachyrhffitcun orhifcx, a weevil. The not 
ODcommoQ fly Eristalis tcnax (Fig. 20), is not uuUke a bee, 
uid buszes in an unpleasantly suggestive manner.f 

• \atarc, Tol. IIXT. p. 77. 

r Hao; other ioHUucta might be nildod. The hornet rlraii-viini; moth 

(Sfitria api/ormW) oAatifM tlie liornet or wnip: the nuirow-bardored bee- 

bavh uuith \Saia homh^U/armii) mimica a bumble-bee. These tiUMtts majr 

Ur ntii lu the Jopidopleia drawers in the Natural Uiator; SIUBenm. But 

.-[..I. lIjs meet wuuderful itialiiDce of iiuoct-uilmicry la tliul obaeiveil 



88 Animal Life and Intelligence, 



Mimicry is not confined to the invertebrates. A harm- 
less snake, the eiger-eter of Dutch colonists at the Cape, 
subsists mainly or entirely on eggs. The mouth is almost 
or quite toothless ; but in the throat hard-tipped spines 
project into the gullet from the vertebrsB of the column in 
this region. Here the egg is broken, and there is no fear 
of losing the contents. Now, there is one species of this 
snake that closely resembles the berg-adder. The head 
has naturally the elongated form characteristic of the 
harmless snakes. But when irritated, this egg-eater flattens 
it out till it has the usual viperine shape of the " club '' 
on a playing-card. It coils as if- for a spring, erects its 
head with every appearance of anger, hisses, and darts 
forward as if to strike its fangs into its foe, in every way 
imitating an enraged berg-adder. The snake is, however, 
quite harmless and inoffensive.* 

Here we have mimicry both in form and habit. Another 
case of imperfect but no doubt effectual mimicry is given 
by Mr. W. Larden, in some notes from South America.t 
Speaking of the rhea, or South American ostrich, he 
says, '^ One day I came across an old cock in a nest that 
it had made in the dry weeds and grass. Its wings and 
feathers were loosely arranged, and looked not unlike a 
heap of dried grass ; at any rate, the bird did not attract 
my attention until I was close on him. The long neck was 
stretched out close along the ground, the crest feathers 
were flattened, and an appalling hiss greeted my approach. 
It was a pardonable mistake if for a moment I thought 
I had come across a huge snake, and sprang back hastily 
under this impression." 

Protective resemblance and mimicry have been con- 
by Mr. W. L. Sclater, and given by Mr. E. B. Poulton, in his " Coloon of 
Animals " (p. 252), where a (probably) homopterous insect mimics a leaf-cutting 
ant, together with its leafy burden — a membranous expansion in the mimic 
closely resembling the piece of leaf carried by the particular kind of ant he 
resembles. 

• The late Mr. H. W. Oakley first drew my attention to this snake. 
Since then Mr. Hammond Tooke has described the facts in Nature, vol. xxxiv. 
p. 547. 

t Nature^ vol. xlii. p. 115. 



Variation and Natural Selection. 



ndtsnid at some longtb because, on the hypothesis of 
BktQziU Belection, they admirably lUnstrata the resttlts 
vbich may be reacbetl through long-cootinoed elimiuation 
by fiiicmiuB. 

SiiQJciout has uow been said to show that this form of 

'. .:i 'ti is an important factor. We are not at present 

.11^; the question how variations arise, or why they 

-!■! hike any particular direction. But granting the 

tact that vsriations may and do occnr in all parts of the 

mguiism, it is clear that, in a group of organisms Bur- 

ronnded by enemies, those individuals which varied in the 

direction of swiftness, cunning, inconspiouousness,* or re- 

Htablance to protected forma, would, other things being 

•qnal, stand a better chance of escaping elimination. 

Elimination hy competition is, as Darwin well points 
oot, keenest between members of the same group and 
unoug individuals of the same species, or between different 
ptnips or different species which have, so to speak, similar 
iuna in life. While enemies of various kinds are preying 
upon weaker animals, and thus causing elimination among 
them, tLey are also competing one with another for the 
prty. While the slower and stupider organisms are suc- 
nnibing to their captors, and thus leaving more active and 
onming animals in possession of the field, the slower and 
rtQjiider captors, failing to catch their cunning and active 
prey, are being eliminated hy competition. While protec- 
!!>■« resemblance aids the prey to escape elimination by 
enemifts, a correlative resemblance, called by Mr, Poulton 
&ICgreBsiTe ret^omhlanoe, in the captors aids them in stealing 
Dpon their prey, and so gives advantage in competition. 
thus the bunting spider olosely resembles the flies upon 
whicii ho pounces, even rubbing his head with his fore legs 
kftwtheu" innocent fashion. 

* i^inoc the aboTo vu nrilteo and Bvnt to preae, there baa been added, at 
ihc Kilnnil Hlalory Htuonni, in tba bna^menl hull, a cuse illiiatniting tbo 
"["pi-lion of HidTiiiLl nuloujiiig in Uie ivindiliona of life- All the nnimoU. 
biiili,-li:.. tiling grouped were cMlleoled id tlie Egyptian dpacrt, wbenoe nl» 
tin rmk^ lUiDM, and huiJ on wliioti Ihey are placed nero brought. Thougli 
"KMwlul ciardid, iLuy t'luniplil'j' protcoliva reanmhlnuou vury weli 
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As in the case of protective resemblance, so, too, in 
aggressive correlative, the resemblance may be general i 
special, or may reach the climax of mimicry. And 
the same organism is not only a would-be captor, 
sometimes an unwilling prey, the same resemblance 
serve to protect it from its enemies and to enable it 
steal upon its prey. The mantis, for example, gaioi| 
doubly by its resemblance to the vegetation among whiek 
it lives. Certain spiders, described by Mr. H. 0. Forbes, ia 
Java, closely resemble birds'-droppings. This may sem 
to protect them from elimination by birds ; but it also 
enables them to capture without difficulty unwary butte- 
flies, which are often attracted by such excreta. A parasitie 
fly (VoluceUa bombylans) closely resembles (Fig. 20) » 
bumble-bee {Bovibus inuscarum), and is thus enabled to enter 
the nest of the bee without molestation. Its larvsB feed 
upon the larvae of the bee. The cuckoo bee Psithym 
rupestrisy an idle quean, who collects no pollen, and has 
no pollen-baskets, steals into the nest of the bumble-bee 
Bombus lapidariu^, and lays her eggs there. The re- 
semblance between the two is very great, and it not only 
enables the mother bee to enter unmolested, but the 
young bees, when they are hatched, to escape. Another 
bee {Nomada soliduginis), which plays the cuckoo on 
Ilalictus cylindricusy does not resemble this bee, but is 
wasp-like, and thus escapes molestation, not because it 
escapes notice, but because it looks more dangerous than it 
really is.* 

Many are the arts by which, in keen competition, 
organisms steal a march upon their congeners — not, be it 
remembered, through any conscious adaptation, but through 
natural selection by elimination. Mr. Poulton describes 
an Asiatic lizard {Phrynocephalus mystaceus) in which the 
** general surface resembles the sand on which it is fouud» 
while the fold of their skin at eaeh angle of the mouth i* 
of a red colour, and is produced into a flower-like sha^^ 

♦ I have to thank Mr. H. A. Francia for drawing my attention to tl*^ 
und sliowing me the inscots in his cabinet. 
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C resembling a little red flower which growB in the 
Insects, attracted by what thej believe to be flowers, 
Ich the mouth of the lizard, and are, of course, 
ed."* The fishing frog, or angler-fish, is possessed 
unenta which allure small &y, who think them 
> into the neighbourhood of the great mouth in 
tbey are speedily engulfed ; and certain deep-sea 




liacoTored during the Challenqer expedition have the 

Dmined by phosphorescent light. 
need say no more in illustration of the resem- 
whioh have enabled certain organisms to escape 
tea by competition. Once more, be it understood 

" " C"looni of AnimKls," p. 73, 
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that we are not at present considering how any of fhese 
resemblances have been brought about; we are meidy 
indicating that, given certain resemblances, advantageoas 
either for captor or prey, those organisms which possess 
them not will have to suffer elimination — elimination by 
enemies, or else elimination by competition. 

The interaction between these two kinds of elimination 
is of great importance. Hunters and hunted are both, so 
to speak, playing the game of life to the best of their 
ability. Those who fail on either side are weeded out ; and 
elimination is carried so far that those who are only as 
good as their ancestors are placed at a disadvantage as 
compared with their improving congeners. The standard 
of efficiency is thus improving on each side; and every 
improvement on the one side entails a corresponding 
advance on the other. Nor is there only thus a competition 
for subsistence, and arising thereout a gradual sharpening 
of all the bodily and mental powers which could aid in 
seeking or obtaining food ; there is also in some cases a 
competition for mates, reaching occasionally the climax of 
elimination by battle. There is, indeed, competition for 
everything which can be an object of appetence to the brute 
intelligence; and, owing to the geometrical tendency in 
multiplication — ^the law of increase — the competition is 
keen and unceasing. 

Such, then, in brief, are the three main modes of 
elimination: elimination by physical and climatic condi- 
tions ; elimination by enemies ; elimination by competition. 
Observe that it is a differentiating process. Unlike ib< 
indiscriminate destruction before alluded to, the incidence 
of which is on all alike, good, bad, and indifferent, ^ 
separates the well-adapted from the ill-adapted, doomiii 
the latter to death, and allowing the former to survive ^ 
procreate their kind. The destruction is not indiscriminat 
but differential. 

Let us now turn to cases of selection, properly so call^ 
where Nature is in some way working at the other end 
the scale ; where her method is not the elimination of t 



Variaitofi avd Natural Selection. 



93 



Kuifit, bat the selection of the fit. Such a case may be 
Kiiaiid on Darwin's principles in brigbtlj coloured flowers 
■ud fruits. " Flowers," he says, "rank amongst the most 
■kaatifnl productions of nature ; but they have been 
ered conspicuous in contrast with the green leaves, 
lud, in consequence, at the same time beautiful, so that 
r may be easily observed by insects. I have come to 
ais conclusion from finding it an invariable rule that, 
rten a flower is fertilized by the wind, it never has a gaily 
coloured corolla. Several plants habitually produce two 
tiiids of flowers — one kind open and coloured, so as to 
attract insects; the other closed, not coloured, destitute of 
nectar, and never visited by insects. Hence we may con- 
clude that, if insects had not been developed on the face of 
the earth, onr plants would not have been decked with 
beautiful flowers, but would have produced only such poor 
ti.av!er% as we see on our fir, oak, nut, and ash trees, on 
grasses, spinach, docks, and nettles, which are all fertilized 
through the agency of the wind. A similar line of argu- 
ment holds good with fruits ; that a ripe strawberry or 
cherry is as pleasing to the eye as to the palate ; that the 
^ly coloured fruit of the epindle-wood tree, and the scarlet 
berries of the holly, are Ireniitiful objects, — will be admitted 
by every one. But this beauty serves merely as a guide 
to birds and beasts, in order that the fruit may be devoured 
tnd manured seeds disseminated : I infer that this is the 
Mw from ha\'ing as yet found no exception to the rule 
that st^edfl are always thus disseminated when embedded 
LTitltin a fruit of any kind (that is, within a fleshy or pulpy 
tnvelope), if it be coloured of any brilliant tint, or rendered 
ipicuoua by being white or biaek," " 
Here we have a case of the converse of elimination — a 
e of genuine selection under nature. But even here the 

WAS of elimination also comes into play, for the visita- 

I tioBs of flowers by insects involve cross-fertilization. The 

flovers of two distinct individuals of the samt' species of 

plants in this manner fertilize each other; and the act of 

* "Origin of SjieeieB," [». 161. 
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crossing, as Darwin firmly believed, though it is donbted 
by some observers nowadays, gives rise to vigorous seed- 
lings, which consequently would have the best chance of 
flourishing and surviving — would best resist elimination by 
competition. So that we here have the double process at 
work; the fairest flowers being selected by insects, and 
those plants which failed to produce such flowers beiog 
eliminated as the relatively unfit. 

If we turn to the phenomena of what Darwin termed 
sexual selection, we find both selection and elimination 
brought into play. By the law of battle, the weaker and 
less courageous males are eliminated so far as the con- 
tinuation of their kind is concerned. By the individoal 
choice of the females (on Darwin's view, by no means 
universally accepted), the finer, bolder, handsomer, and 
more tuneful wooers are selected. 

Let us again hear the voice of Darwin himself. '^Most 

male birds," he says, '' are highly pugnacious during the 

breeding season, and some possess weapons especially 

adapted for fighting with their rivals. But the most 

pugnacious and the best-armed males rarely or never 

depend for success solely on their power to drive away or 

kill their rivals, but have special means for charming the 

female. With some it is the power of song, or of emitting 

strange cries, or of producing instrumental music ; and the 

males in consequence differ from the females in their vocal 

organs or in the structure of certain feathers. From the 

curiously diversified means for producing various sounds, 

we gain a high idea of the importance of this means of 

courtship. Many birds endeavour to charm the females 

by love-dances or antics, performed on the ground or in 

the air, and sometimes at prepared places. But ornaments 

of many kinds, the most brilliant tints, combs and wattles, 

beautiful plumes, elongated feathers, top-knots, and so 

forth, are by far the commonest means. In some cases, 

mere novelty appears to have acted as a charm. The 

ornaments of the males must be highly important to themt 

for they have been acquired in not a few cases at the cost 




reased danger from enemies, and even at some loss 
jower in lighting with their rivala.* . . . "What, then, 
conclude from these facts and cousidera- 
tiooB ? Does the male parade hia charms with so much 
pomp and rivab-y for no purpose? Are we not justified 
is believing that the female exerts & choice, and that 
the receives the addresses of the male who pleases her 
rt?"t 

Here again, then, we have the combined action of elimi- 
i and selection. And now we may note that selec- 
il involves intelligence— involves the play of appetence 
ttti choice. Hence it ia that, when we come to consider 
Hie evolution of human-folk, the principle of elimination is 
10 profoundly modified by the principle of selection. Not 
cnly are the weaker eliminated by the inexorable pressure 
of competition, but we select the more fortunate individuals 
ind heap upon them om- favours. This enables us also to 
eoften the rigour of the blinder law ; to let the full stress 
of competitive elimination fall upon the worthless, the idle, 
ifat profligate, and the vicious ; hut to lighten its incidence 
■Sie deserving but unfortunate. 

KBoth selection and elimination occurring under nature, 
TO eliminatiou having by far the wider scope, we may now 
iiipire what will be their effect as regards the three modes 
of variation — advantageous, disadvantageous, and neutral, 
lost be remembered that these modes are relative and 
indent npon circumstances, so that variationa, neutral 
r certain conditions, may become relatively disadvan- 
eooH under other conditions. Selection clearly leada to 
file preservation of advantageous variations alone, and 
tWe variations are advantageous in bo far as tbey meet 
k\t&U of the selecting organism. For selection depends 
I individual choice; and uniformity of selection is 
■ely dependent upon uniformity in the standard of 
If, as Darwin contends, the splendid plumage and 
Mai notes of male birds are the result of a selection of 
M by the hens, there must be a remarkable uniformity 
"IJeieontorMftu," Bnmmorrof dmp, ivi. pt.ii. f Il)id. chop. si*. 
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of taste among the hens of each particular species, e 
there is a uniformity of coloration among the cock-b: 
It may be said that in all their mental endowments t 
is greater uniformity among animals than among men ; 
it is true that individuation has not been carried so fa 
them as in human-folk. Still, careful observers of anii 
see in them many signs of individual character ; and 
uniformity in the standard of taste in each specie 
birds seems to many naturalists a real difficulty in 
way of the acceptance of sexual selection. We si 
however, return to this point. For the present i 
clear that selection chooses out advantageous variati 
that the advantage is determined by the taste of 
selector, and that uniform selection implies uniformii 
taste. 

Turning to elimination, it is clear that it begins 
weeding out, first the more disadvantageous, then the 
disadvantageous variations. It leaves both the adi 
tageous and the neutral in possession of the field 
imagine that many, perhaps most, of the variati 
tabulated by Mr. Wallace and other observers belong 
the neutral category. Their fluctuating character se* 
to indicate that this is so. In any case, they 
variations which have so far escaped elimination, j 
I think they are of great and insufficiently recogni 
importance. They permit, through interbreeding, of c 
less experiments in the combination of variations, som 
which cannot fail to give favourable results. 

It is just possible that it may be asked — If in nati 
elimination there is nothing more than the weeding 
of the unfit and the suppression of disadvantageous va 
tions, where is the possibility of advance ? The stand 
may thus be maintained, but where is the possibility 
progress ? Such an objection would, however, imply for| 
fulness of the fact that all the favourable variations rem 
to leaven the residual lump. Given a mean, with plus 1 
minus variations : if in any generations the minus vft] 
tions are got rid of, the mixture of the mean with the { 
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nhatioDs will give & new mean nearer the plus or adran- 
Ugtoiis end of the scale than the old mean. By how 
nach tile favoarable variations tend to raise the mean 
ttuxlartl, bj so mach will the race tend to advance. 
But ill this process I see no reason why the neutral 
nriatious uhonld be eliminated, except in bo far as, in 
the keeu struggle for existence, they become relatively 
oohTonrable. 

It ia civar, however, that the intercrossing and inter- 

bwding which occurs between average individuals on the 

<oe hiiDi], and those possessing favourable variations on 

Ibe other, while it tends gradually to raise the mean 

■ludard, tends also at the same time to reduce the advan- 

eoDs variations towards the mean. It must tend to check 

ince by leaps and honnds, and to justify the adage, 

: in7 Jacii per gatfitm. At the same time, it will 

»bly have a greater tendency to reduce to a mean level 

neutral variations indefinite in direction than advantageous 

nriatione definite in direction. Still, it is a most im- 

tut factor, and one not to be neglected. It tends to 

roity in the species, and cheeks inJividnalism. It 

J act as a salutary brake on what we may figuratively 

a boety and ill-advised attempts at progress. And at 

bsame time, it favours repeated new experiments in the 

pibination of variations, occasionally, we may suppose, 

li bappy resalts. 

I Bat it does more than this. It tends to check, and, if 

tt offspring always possessed the blended character of both 

eots, would be absolutely fatal to, divergence of character 

I the interbreeding members of a species. And yet 

Ibottfliuore striking than this divergence of character. 

I in the diversified products of human selection ; 

W eiample. among pigeons. It is seen in the freedom of 

Mr. Wallace gives many examples. "Among 

^n»t)v« species," he saye, "we see it well marked in the 

Hreot species of titmice, pipits, and chats. The great 

le, by its larger size and stronger hill, is adapted to 

■Jeed on larger insects, and is even said sometimes to kill 
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small and weak birds. The smaller and weaker coal-tit- 
mouse has adopted a more vegetarian diet, eating seeds as 
well as insects, and feeding on the ground as well as among 
trees. The delicate little blue titmouse, with its very small 
bill, feeds on the minutest insects and grubs, which it 
extracts from crevices of bark and from the buds of fruit 
trees. The marsh-titmouse, again, has received its name 
from the low and marshy localities it frequents ; while the 
crested titmouse is a Northern bird, frequenting especially 
pine forests, on the seeds of which trees it partially feeds. 
Then, again, our three common pipits — the tree-pipit, the 
meadow-pipit, and the rock-pipit, or sea-lark — have each 
occupied a distinct place in nature, to which they have 
become specially adapted, as indicated by the different 
form and size of the hind toe and claw in each species. 
So the stone-chat, the whin-chat, and the wheat-ear are all 
slightly divergent forms of one type, with modifications in 
the shape of the wing, feet, and bill adapting them to 
slightly different modes of life." * There is scarcely a 
genus that does not afford examples of divergent species. 
The question then naturally occurs — How have these . 
divergent forms escaped the swamping effects of inter- 
crossing ? 

That perfectly free intercrossing, between any or all of 
the individuals of a given group of animals, is, so long as 
the characters of the parents are blended in the offspring, 
fatal to divergence of character, is undeniable. Through 
the elimination of less favourable variations, the swiftness, 
strength, and cunning of a race may be gradually improved. 
But no form of elimination can possibly differentiate the 
group into swift, strong, and cunning varieties, distinct 
from each other, so long as all three varieties freely inter- 
breed, and the characters of the parents blend in the off- 
spring. Elimination may and does give rise to progress in 
any given group as a group ; it does not and cannot give 
rise to differentiation and divergence, so long as interbreed- 
ing with consequent interblending of characters be freely 

• " Darwiniam," p. 108. 
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permitted. Whence it inevitably follows, as a matter of 
simple logic, that wliero divergence has occurred, inter- 
tfoSBing and interblending muet in Eome way have been 
lesieued or prevented. 

Tbns a new factor is introduced, tliat of isolation, or 
itgreiiatinn. And there is no questioning the fact that it is 
ol great importance." Its importance can, indeed, only bo 
denied by denying the Bwamping effects of intercroBsing, 
and Rnch denial implies the tacit assumption that inter- 
breeding and interblending are held in check by some form 
offiegr«^ation. The isolation explicitly denied is implicitly 



There are several ways in which isolation, or segregation, 
BiaT be effected. Isolation by geographical barriers is the 
most obvious. A stretch of water, a mountain ridge, a 
ilrip of desert land, may completely, or to a large estent, 
prewnt any intercrossing between members of a species on 
either aide of the barrier. The animals which inhabit the 
Mieral islands of the Galapagos Archipelago are closely 
allifd, bat each island has its particular species or well- 
marked varieties. Intercrossing between the several 
Varieties on the different islands is prevented, and diver- 
gence is thus rendered possible and proceeds unchecked. 
It is said that in the Zuydcr Zee a new variety of herrings, 
the fry of which are very small compared with open-sea 
I iierringB, is being developed. And the salmon introduced 
Blfo Tasmania seem to be developing a fresh variety 
1 spots on the dorsal fin and a tinge of yellow on the 
e fin. In the wooded valleys of the Sandwich Islands 
) are allied but distinct species of land-shells. The 
leys that are nearest each other furuish the most nearly 
forms, and the degree of divergence is roughly 
by the number of miles by which they are 
rated. Here there is little or no intercrossing between 




' lU tmporiBiice in artifinial eelei^tion wxa emphiiejzed by Dftrnin : " Tha 

' tDtlotiiir tnu ernuiiig, and ihe intGoticiunl miaching a( iiidivtiliinl aoiniala. 

~ e enroer-ctanes of Uie btceder'a Bft"("AniiD«Llij and Plantf oad«r 
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the slow-moving molluscs in adjoining valleys ; none at all 
between those at any distance apart. 

But even if there are no well-marked physical barriers, 
the members of a species on a continent or large island 
tend to fall into local groups, between which, unless the 
animal be of a widely ranging habit, there will be little 
intercrossing. Hence local varieties are apt to occur, and 
varieties show the first beginnings of that divergence which, 
if carried further and more deeply ingrained, results in the 
diflferentiation of species. Geographically, therefore, we 
may have either complete isolation or local segregation, 
and in both cases the possibility of divergence. 

Another mode of segregation arises also out of 
geographical conditions. If variations of habits occur 
(and structure is closely correlated with habit) such that 
certain individuals take to the mountains, others to the 
plains or valleys ; or that certain individuals take to the 
forests, others to the open country; the probabilities are 
that the forest forms will interbreed frequently with each 
other, but seldom with those in the open, and so with the 
other varieties. The conditions of forest life or mountain 
life being thus similar throughout a large area, and life 
being through elimination slowly but surely adapted to its 
environment, there might thus arise two distinct varieties 
scattered throughout the length and breadth of the area, 
the one inhabiting the mountains, the other the forests. 
In illustration of this mode of segregation, we may take 
the case of two species of rats which have recently been 
found by Mr. C. M. Woodford on one of the Solomon 
Islands. These two quite distinct species are regarded by 
Mr. Oldfield Thomas as slightly modified descendants of 
one parent species, the modifications resulting from the 
fact that of this original species some individuals have 
adopted a terrestrial, others an arboreal life, and their 
respeptive descendants have been modified accordingly. 
Thus Mm rex lives in trees, has broad foot-pads, and a 
long rasp-like, probably semi-prehensile, tail; while Mus 
imperator lives on the ground, has smaller pads, and a 
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I ibort, smooth tail. The segregation of these two species 
I ills probably been effected by the difference of their mode 
I of life, and each has been adapted to its special environment 
I (iiroagh the ehraination of those icdividuals which were 
I not in harmony with the condition of their life. It is 
' jirobable that this mode of segregation has been an im- 
portant one. And it is clear that in many cases competition 
would be a co-operating factor in this proeess, weaker 
argniiisms being forced into otherwise uncongenial habitats 
tiiroQgh the stress of competitive elimination, the weaker 
forms not perishing, bat being eliminated from more 
bvonred areas. 

Protective coloration may also be a means of segrega- 
tion. A species of insects having no protective resemblance 
might vary in two direetions^n the direction of green 
tints, assimilating their hue to that of vegetation ; and in 
the direction of sandy or dull earthy colours, assimilating 
them to the colour of the soil. In the one variety elimina- 
tion would weed out all but the green forms, and these 
would be left to intercross. In the other variety, green 
forms would be eliminated, dull-brown forms being loft to 
interbreed. Stragglers from one group into the other 
would eland a chance of elimination before interbreeding 
wbk effected.* 

In the case of birds whose freedom of flight gives them 
& wide range, sometimes almost a world-wide range, it 
would seem at first sight that their facilities for inter- 
breeding and intercrossing are so great that divergence is 
■ell-nigb impossible. And yet the examples of divergence I 
cited from Mr. Wallace were taken from birds, and it is well 
known that divergence is particularly well shown in this 
class. But when the habits of birds are studied attentively, 
it is found that, wide as is their range, their breeding area 
is often markedly restricted. The sanderling and knot 

* Prom the >b«enee of inlertilonding in some cbkb (to be oonaidercd 
•biirU;), both brown and gii.'en forina may be prodnctd; nnd under coitsiti 

Ciu>««, evi-n a powei of beoomiiig either brown or green in the 
of appropriate stimuli. 
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range freely during the winter throughout the Northern 
hemisphere; but their breeding area is restricted to 
the north polar region. The interbreeding within this 
area keeps the species one and homogeneous, notwith- 
standing its wide range, and, at the same time, prevents 
intercrossing with allied species with different breeding- 
grounds. 

Another most important mode of segregation among 
animals arises out of habitual or instinctive preferences. 
Where varieties are formed there is a tendency for like to 
breed with like. In the Falkland Islands the differently 
coloured herds of cattle, all descended from the same stock, 
keep separate, and interbreed with each other, but not with 
individuals outside their own colour-caste. If two flocks 
of merino sheep and heath sheep be mixed together, they 
do not interbreed. In the Forest of Dean and in the New 
Forest, the dark and pale coloured herds of fallow deer 
have never been known to intermingle.* Here we have a 
case of selective segregation through preferential mating^ and 
may find therein the basis of sexual selection in its higher 
ranges as advocated by Darwin. 

The question of sexual selection will, however, be briefly 
considered in the chapter on "Organic Evolution." At 
present what we have to notice is that, through preferential 
mating, segregation is effected. The forms that interbreed 
have a distinguishing colour. From this it is but a step 
to the possession, not merely of a distinguishing colour, 
but of distinguishing colour-markings. Hence, through 
preferential mating, may arise those special markings 
which so frequently distinguish allied species. They not 
only enable us to recognize species as distinct, but enable 
the species which possess them to recognize the members 
of their own kind. Mr. Wallace calls these diacritical 
marks recognition-marks, and gives many illustrative 
examples.t They are especially noticeable in gregarious 
animals and in birds which congregate in flocks or which 

• Wallace, ** Darwinism," p. 172, where other examples are cited. 
t Ibid. pp. 217| tt 8eq» 
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I migrste togetlier. Mr. Wallace conaiders that they " have 

I in ail probability been acquii'ed in the process of differentia- 
tiiin for the purpose of checking the mtercrosaing of allied 
foima ; " for " one of the first needs of a, new species woukl 
be to keep separate &om its nearest allies, and this could 
be more readily done by some easily seen external mark 
of difference," Tbia language seems, however, to savour 
of teleolo^ (that pitfall of the evolutionist). The cart ia 
placed before the horaa. The recognition-marks were, I 
believe, not produced to prevent intercrossing, but inter- 
crossing has been prevented because of preferential mating 

HMween individuals possessing special recognition-marks. 

^pb miss thift point is to misa an important segregation- 
Blietor. Undoubtedly, other tendencies co-operate in main- 
Uining the standard of the recognition-marks. Stragglers 
wbo failed in the matter of recognition would get separated 
from their fellows, and stand a greater chance of elimi- 
Qfttion by enemies ; young who failed in thia respect would 
be m like condemnation. Still, I caunot doubt that the 
bnodations of recognition-marks were laid in preferential 
BUtiiig, and that in this we have an important factor in 

»HgRigation. 
' We may here note, in passing, as also arising out ot 
nferenee, bow the selection of Bowers by insects may 
W to segregation ; for insects seem often to have habitual 
"or instinctive colour- preferences. Flowers of similar colour 
"Ould be thus cross- fertilized, but would not intercross with 
those of different colour, whence colour-varieties might 
iritc. It is important to note that in these cases there ia 
\ psychological factor in evolution. 

We have so far assumed that intercrossing of parents 
scd intorblending of their characters in the offspring 
ilwajB go together. This, we must now notice, is not 
always the fact. If a blue-eyed Saxon marry a dark-eyed 
Italian, the children will have blue eyes ar dark eyes, not 
>yc8 of an intermediate tint. The characters do not inter- 
blend, The ancon, or otter-sheep, a breed with a long 
Wj and short, bandy legs, appeared in Massachusetts as 
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a chance sport in a single lamb. The offspring of this 
ram were either ancons or ordinary sheep. The ancon 
characters did not blend. Hence for a time a definite 
breed was maintained. We may call this mode of isola- 
tion isolation by exclusive inheritance. 

A farther mode of isolation or segregation, for which 
Mr. Bomanes* claims a foremost, indeed, the foremost, 
place, is physiological isolation as due to differential fertility. 
One among the many variations to which organisms are 
subject is a variation in fertility, which may reach the 
climax of absolute sterility. But it is clear that a sterile 
variation carries with it its own death-warrant, since the 
sterile individual leaves no descendants to inherit its peca- 
liarity. Relative infertility, too, unless it chances to be 
correlated with some unusual excellence, would be no 
advantage, would be transmitted to few descendants, and 
would tend to be extinguished. The same is not true, 
however, of differential fertility. "It is by no means 
rare," said Darwin, f ''to find certain males and females 
which will not breed together, though both are known to 
be perfectly fertile with other males and females." Mr. 
Eomanes assumes, as a starting-point, the converse of 
this, namely, that certain males and females will breed to- 
gether, though they are infertile with all other members 
of the species. 

Suppose, then, a variety to arise which is perfectly 
fertile within the limits of the varietal form, but im- 
perfectly fertile or infertile with the parent species. 
Such a variety would have to run the risks of those ill 
effects which, as Darwin showed,} are attendant upon close 
interbreeding. But Mr. Wallace points out§ that these 
ill effects may not be so marked under nature as they are 
under domestication. Suppose, then, that it escapes these 
ill effects. In this case, Mr. Eomanes urges, it would 
neither be swamped by intercrossing nor die out on 

• Journal of the lAnnman Society^ vol. xix. No. 115 : " Zoology." 
t *' Animals and Plants under Domesticatiun," p. 145. 
X Ibid. chap. xvii. § "Darwinism," p. 326. 
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HfjiBeoaDt of sterility. But although it could not be swamped 
Hftj intercroBsitig, still, if it arose sporadically, here a ease, 
there a case, and bo on, the chances would be enortnousty 
seainst the perpetuation of the variety, unless some co- 
operating mode of segregation aided in bringing together 
Ihe T&ryiug individuals. If, for example, there were a 
Mgregation of these variants in a particular habitat— ail 
the variantB meeting in some definite locality for breeding 
pnrposee; or if there were a further segregation through 
nmtaal preferences; or if, again, there were a further 
K-gTfgation in time ; the variety might obtain a firm 
(owting. But without these co-operating factors it is clear 
that if one male and one female in a hundred individuals 
I nried in this particular way, the chances would be at 
Wast forty-nine to one against their happening to mate 
together. 

It IB interesting to note that almost the only particular 
numple given by Jlr. Romanes in illustration of his theoiy 
b ooe that involves the co-operation of one of these further 
Mug^vgation-factors. Suppose, he says, the variation in 
Bi« reproductive syBtem is such that the season of flower- 
1 or of pairing becomes either advanced or retarded. 
Thia jHirticular variation being inherited, the variety hreed- 
iDg. let as say, in May, the parent species in July, there 
would arise two races, each perfectly fertile within its own 
fflit», but incapable of crossing with the other. Thus is 
Btitnted "a barrier to intercrossing quite as effectual 
[u a thousand miles of ocean." Yes ! a time-harrier instead 
of a space-harrier. The illustration is faulty, inasmuch as 
it introduces a mode of segregation other than that La 
faeslion. I think it very improbable that differential 
fertility alone, without the co-operation of other segregation- 
^lors, would give rise to separate varieties capable of 
maintaining themselves as distinct species. 

That distinct species are generally mutually infertile. 
or more frequently still, that their male offi^pring are 
at«rUe, is, however, an undoubted fact. But there are, 
cxeeptions. Fertile hybrids between the sheep and the 
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goat seem to be well authenticated. Of rats Darwin 
says that ''in some parts of London, especially near 
the docks, where fresh rats are frequently imported, an 
endless variety of intermediate forms may be found 
between the brown, black, and snake rat, which are all 
three usually ranked as distinct species." * Fertile hybrids 
have been produced between the green-tinted Japanese and 
the long-tailed Chinese pheasants. Mr. Thomas Moore, 
of Fareham, in Hants, has been particularly successful in 
producing a hybrid breed between the golden pheasant 
{Thaumalia picta), whose habitat is Southern and South- 
eastern China, and the Amherst pheasant (Thaumalia 
amhei'stiai), which is found in the mountains of Yunnan 
and Thibet. In answer to my inquiries, Mr. Moore kindly 
informs me that he ''has bred the half-bred gold and 
Amherst pheasant, crossed them again with gold, and re* 
crossed them with half-bred Amherst, and kept on crossing 
until only a strain of the gold pheasant remained. The 
result is that the birds so produced are far handsomer than 
either breed, since the feathers composing their tiplets as 
well as those under the chin are of so beautiful a colour 
that they beggar description. They all breed most freely, 
and are much more vigorous than the pure gold or Amherst, 
and their tails reach a length of over three feet. They are 
also exceedingly prolific. Out of a batch of forty-two eggs, 
forty chickens were hatched out, of which thirty-seven were 
reared to perfection." 

Still, though there are exceptions, the general infertility 
of allied species when crossed is a fact in strong contrast 
with the marked fertility of varieties under domestication ; 
concerning which, however, it should be noted that our 
domesticated animals have been selected to a very large 
extent on account of the freedom with which they breed 
in confinement, and that domestication has probably a 
tendency to increase fertility. The question, therefore, 
arises — Is the infertility between species, and the general 

• ** Animals and Plants under Domestication," vol. ii. p. 65. For Darwin's 
general conclusions on bybridiam, gee yoL ii. p. 162 of the same work. 
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sterility of their male offspring, a secondary effect of their 
i^^regation? or is their segregation the direct effect of 
(lieir differential fertility? The former is the general 
opinion ; the latter iB held by Mr. llomanea. He coutemlg 
fiuU sterility is the primary distinction of species, other 
ific characters being secondary, and regards it as a pure 
iption to say that the secondary differences between 
lies baye been historically prior to the primary differ- 
(ne«. I do not propose to discuss this question. While it 
mrms to me in the highest degree improbable that 
differential fertility, apart from other co-operating factors, 
bu been or oould be a practical mode of segregation, it 
Iws probably been a not unimportant factor m association 
with other modes of segregation or isolation. Suppose, for 
example, two divergent local Tarieties were to arise in 
i^ftoent areas, and were subsequently (by stress of com- 
petition or by geographical changes) driven together into 
I single area : ne are justified in believing, from the 
•nalogy of the Falkland Island cattle, the Forest of Dean 
' : il other similar observed habits, that preferential 
. . kind with kind, would tend to keep them apart. 
. ... .. :;ing this on one side, let us say they interbreed. 

U, tiieu, their unions are fertile, the isolation will be 
by intercrossing — the two varieties will form one 
or average variety. But if the unions he mfertile, 
isolation will be preserved, and the two varieties will 
Suppose now, and the supposition is 
means an improbable one, that this ha» taken place 
and again in the evolution of species : then it is 
tiiat thosQ varietal forms which had continued to be 
,her would be swamped by intercrossing; while 
;al forms which had become infertile would 
,ted. Hence, in the long run, isolated forms 
common area would be infertile. Or suppose, 
thnt, instead of the unions between the two 
LB being infertile, they are fertile, but give rise 
luie) or degenerate offspring, as is said to be 
lasc in the unions of Japanese and Ainos : then it is 
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clear that the sterile or degenerate ofifspring of such aniou 
-would be eliminated, and intercrossing, even though it 
occurred, would be inoperative while breeding within the 
limits of the variety continued unchecked. 

Sufficient has now been said concerning the modes rf 
isolation and segregation, geographical, preferential, and 
physiological. We must now consider their effects. Whew 
the isolated varieties are under different conditions of life, 
there will be, through the elimination of the ill-adapted in 
each case, differential adaption to these different conditions. 
But suppose the conditions are similar: can there be 
divergence in this case? The supposition is a highly 
hypothetical one, because it postulates that all the con* 
ditions, climatal, environmental, and competitive, are alike, 
which would seldom, if ever, be likely to occur. Let ns, 
however, make the supposition. Let us suppose that an 
island is divided into two equal halves by the submersion 
of a stretch of lowland nmning across it. Then the only 
possible causes of divergence would lie in the organisms 
themselves * thus divided into two equal groups. We haw 
seen that variations may be advantageous, disadvantageous, 
or neutral. The neutral form a fluctuating, unfixed, 
indefinite body. But they afford the material with which 
nature may make, through intercrossing, endless experi- 
ments in new combinations, some of which may be profit- 
able. Such profitable variations would escape elimination, 
and, if not bred out by intercrossing, would be preserved. 
In any case, the variety would tend to advance through 
elimination as previously indicated. But in the two eqtwl 
groups we are supposing to have become geographically 
isolated, the chances are many to one against the same 
successful experiments in combination occurring in each of 
the two groups. Hence it follows that the progress or 

* ** In every case there are two factors, namely, the nature of the orgaoiia 
and the nature of the conditious. The former seems to be much the don 
important ; for nearly similar variations sometimes arise under, as far M «o 
can judge dissimilar conditions ; and, on the other hand, dissimilar Tariationi 
ari86 under conditions which appear to be nearly uniform** (** Origin d 
Speciea,'* p. 6). 



B in the two groups, though analogouB, would not be 
tical, and divergence would thus be possible under 
iicnUy similar couditions of life. 

I Ills obfiervations on the terrestrial molluscs ot the 
td^ich Islands, Mr. Gulick notes that different forms 
(found in districts which present essentially the same 
bonment, and that there is no greater divergence when 
fc clim atic conditions are dissimilar than there is when 
ions are similar. As before noticed, the degree 
3 is, roughly speaking, dii'eetly as the distance 
I forms are apart. Again, Darwin notes that 
Priimitte and environment in the several islands of the 
UpcgoB group are much the same, though each island 
k a somewhat divergent fauna and tlora. These facta 
I eunutenance to the view that divergence can and does 
I oniler similar conditions of life, if there be isolation, 
r seem, also, so far as they go, to negative the view 
t the species is moulded directly by the external con- 
For, if this factor were powerful, it would over- 
I the effects of experimental combination of characters 
the conditions were similar, and would give rise 
irell-marked varietal forms when the conditions were 

I U we admit preferential breeding as a segregation-factor 

i arising out of it sexual selection, in a modified form, 

I a determining one in the evolution of the plumage of 

I Oule birds), it is evident that the standard of recognition- 

B can only be maintained by a uniformity of preference 

■ taste. 8till, the uniformity is not likely to be absolute. 

^ this matter, as in others, variations will occur, and 

t the lapse of a thousand generations, in which ciimina- 

B has betn steadily at work, it is hardly probable that 

I leeognitioQ standard would remain absolutely un- 

For, though there may not be any direct 

1 in this particular respect, there might well be 

{nations in other (e.3. protective) rcapects, and 

nature would not remain quite unchanged. 

wer, we know that secondary sexual characters are 
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remarkably subject to variation, as may be well seen in ih0 
case of rufifs (Machetes pugnax) in the British Natanl 
History Museum. In the case of our two islands wSi 
isolated faunas, therefore, if they formed separate breeding- 
areas for birds, the chances would be many to one against 
the change in the standard of recognition-marks being 
identical in each area. Hence might arise those minuto 
but definite specific distinctions which are so notewortiiy 
in this class of the animal kingdom. Instance the Old and 
New World species of teal, the Eastern and Western spedes 
of curlew and whimbrel, and other cases numerous.* This, 
in fact, is probably in many cases the true explanation of 
the occurrence of representative species, slight specifie 
variations of the same form as it is traced across a conti- 
nent or through an archipelago of islands. 

The question has been raised, and of late a good deal 
discussed, whether specific characters, those traits by 
which species are distinguishable, are always of use to the 
species which possess them. Here it is essential to define 
what is meant by utility. Characters may be of use in 
enabling the possessor to resist elimination ; or, like the 
colours of flowers, they may be of use in attracting insects, 
and thus furthering selection ; or, like recognition-marks, 
they may be of use in effecting segregation. This last form 
of utility is apt to be overlooked or lost sight of. In speak- 
ing of humming-birds, the Duke of Argyll says that "a crest 
of topaz is no better in the struggle for existence than a 
crest of sapphire. A frill ending in spangles of the emerald 
is no better in the battle of life than a frill ending in 
spangles of the ruby." But if these characters be recog- 
nition-marks, they may be of use in segregation. They are 
a factor in isolation. But it may be further asked— What 
is the use of the segregation? Wherein lies the utility of 
the divergence into two forms ? This question, however, 
involves a complete change of view-point. The question 
before us is whether specific characters are of use to the 

• See " Evolution vrithout Natural Selection." by Charles Dixon. T!^ 
aathor'0 facts are yaluable ; his theories are ill digested* 
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qi«cies which poesesses them. To this question it is Bufficient 
h) answer that they are useful in effecting or preserving 
Mgregation, withont which the species, m a tlutinct specieg, 
loulij cfase to exist. We are not at present concerned 
tHb the qnestion whether divergence in itself is useful or 
ikduntageuus. If it be pressed, we must reply that, although 
divergence is undoubtedly of immense advantage to life in 
general, enabling, as Darwin said, its varjing and diver- 
gent forms to become adapted to many and highly diversified 
places in the economy nf nature, still in many individual 

B it is neither posfiible nor in any respect necessary to 

Donception of evolution to assign any grounds of utility 

tdrantage for the divergence itself. 

B any case, we are dealing at present with the utihty 

■fiecific characters to the species which possess them ; 
under the head of utility we are including usefulness 
ffcotiug or maintaining segregation. Now, we have 
idy seen that variations may be either advantageous 
hi), or neutral (useless), or disadvantageous (worse 
I useless). The latter class we may here disregard; 
bation will more or less speedily dispose of them. 
i regard to neutral (useless) variations, we must also 
I that they may be correlated with variations of the 
: two classes. If correlated with disadvantageons 
itions, they will be elimiuated along with them; if 
elated with advantageous variations, they will escape 
lination (or will be selected) together with them. There 
lain neutral, or useless, variations, not correlated with 
r of the other two classes. Are these in any cases 
betive of species ? 

It is characteristic of specific distinctions that they are 
Itively constant. Elimination, selection, or preferential 
sding gives them relative fixity. On the other hand, it 
Bharacteristic of neutral variations that they are incon- 
There is nothing to give them fixity. It is, of 
, conceivable that all the migrants to a new area 
'6 possessed of a useless neutral character, which those 
itiie mother area did not possess ; or that such a useless 
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eharacter was in them preponderant, and by intercrossing 
formed a less flnctnating, useless character than their pro- 
genitors exhibited. Still, the extensire occurrence of such 
neutral, or useless, characteristics would be in the highest 
degree improbable. Our ignorance often prevents us from 
saying in what particular way a character is useful. We 
must neither, on the one hand, demand proof that this, 
that, or the other specific character is useful, nor, on the 
other hand, demand negative evidence (obviously impos- 
sible to produce) that it is without utilitarian significance ; 
but we may fairly request those who believe in the wide 
occurrence of useless specific characters to tell us by what 
means these useless characters have acquired their relative 
constancy and fixity. A suggestion on this head will be 
found in the next chapter. 

We must now pass on to consider briefly a most im- 
portant factor in the struggle for existence. Hitherto we 
have regarded this struggle as uniform in intensity; we 
must now regard it as variable, with alternations of good 
times and hard times, and indicate the causes to which 
such variations are due. 

With variations of climate, such as we know to occur 
from year to year, or from decade to decade, there are 
variations in the productiveness of the soil ; and when we 
remember how closely interwoven are the web and woof of 
life, we shall see that the increased or diminished produc- 
tiveness of any area will affect for good or ill all the life 
which that area supports. The introduction of new forms 
of life into an area, or their preponderance at certain 
periods owing to climatic or other conditions particularly 
favourable to them as opposed to other forms, may alter 
the whole balance of life in the district. We are often 
unable to assign any reason for the sudden increase or 
diminution of the numbers of a species ; we can only pre- 
sume that it is the result of some favourable or unfavour- 
able change of conditions. Thus Mr. Alexander Becker* 
has recently drawn attention to the fact that whereas for 

♦ Nature, vol. xlii. p. 136. 



sereral years various species of grasshoppers appeared in 
great nambers in Houth-east Bussia, there came then one 
7«u of sudden death for most of them. They were sitting 
notionless on the grasses and dying. He gives Bimilar 
CMOS of butterflies for a while numerous, and then rare, 
and stittes that a sqnirrel common near Sarepta suddenly 
disappoiired in the course of one summer, probably, he 
adds, Buccumbing to some contagious disease. Such ia the 
nica balance of life, that the partial disappearance of a 
angle form may produce remarkable and little-expected 
tIEects. Darwin amusingly showed how the closer crops 
might be beneficially affected by the introduction of a 
family of old maide into a pftrieh. Thu clorer is fertilized 
by ii mil ble -bees, the beea are preyed upon by mice ; the 
lelations between cats and mice, and between old maids 
and eats, are well known and familiar : more old maids, 
^, ■ore cats ; more cats, leas mice ; less mice, more humble- 
^Uks ; more bumble-bees, better fertilization. A little thing 
^■Mf modify the balance of life, and increase or diminish 
Htte struggle for existence, and the rigour of the process of 
itimination. 

liat yrhea we take a more extended view of the matter, 
uid include secular changes of climate, the possible range 
ot variation in the struggle for existence is seen to be 
nonnoualy increased. It is well known to those who have 
faUowi.'id the progress of geology, that in early Kainozoic 
times a mitd climate extended to within the Arctic circle, 
viiilc during the glacial epoch much of the north tempe- 
rate sorte was fast locked in ice, and the climate of the 
northern hemisphere was profoundly modified. The animals 
in thu north temperate zone were driven southwards." 
Sot only was there much elimination from the severe 
tfimatjc conditions, but the migrants were driven south- 
varda into areas already well stocked with life, and the 

* yfr ma; bero ante, in iMusing, the fnct thnt the chanires of lirc-formg in a 
MRMioa «f t«fli pi'inlsin nitiDcsao out of ton rather tosubiilitiitioii through 
M(;*tinli than to liunBUintitioii. 8till. Itivre are Dolnlilo eitma of tnins- 
•otatim.M in tfao freab-wnlf r PlnaoTtiri of Stcinhf^m. In Wittonhorg (ilueciibcd, 
^m Uilgeadarf, bj O. Scl>iui>lt, " Tho Doctrine oC Dvvceul," p. llti). 
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competition for means of subsistence in these areas miut 
have been rendered extremely severe. Elimination was at 
a maximum. Then followed the withdrawal of glaeud 
conditions. The increasing geniality of the climate allowal 
an expansion of life within a given area, and the wiili- ^ 
drawal of snow and ice further and further north set frei 
new areas into which this expanding life could mignb 
and find subsistence. The hard times of the glacial penol 
were succeeded by good times of returning warmth and an 
expanding area ; and if, as some geologists believe, then 
was an inter-glacial period (or more than one such period) 
in the midst of the Great Ice Age, then hard times and 
good times alternated during the glacial epoch. 

Expansion and contraction of life-areas have also been 
effected again and again in the course of geological hisbnj 
by elevations and subsidences of the land. At the beginning 
of Mesozoic times much of Europe was dry land. In 
Triassic and BhaBtic times there were lakes in England and 
in Germany, and a warm Mediterranean Sea to the sonth. 
Subsidence of the European area brought with it a lessened 
land-area and an increased sea-area: bad times and in- 
creased competition for land animals ; good times and 
a widening life-area for marine forms of life. This con- 
tinued, with minor variations, till its culmination in the 
Cretaceous period. Then came the converse process : the 
land-areas increased, the sea was driven back. A good 
time had come for terrestrial life ; the marine inhabitants 
of estuaries and inland seas felt the pressure of increased 
competition in a lessening area. And so there emerged 
the continental Europe of the beginning of the Kainozoic 
era. And it is scarcely necessary to remind those who 
are in any degree conversant with geology that during 
tertiary times there have been alternate expansions and 
contractions of life-areas, marine and terrestrial, the former 
bringing good times, the latter hard times and a heightened 
struggle for existence. 

Now, what would be the result of this alternation ot 
good times and hard times ? During good times varietiesj 
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which woald be otherwise nnable to hold their own, might 
Arise and have time to establish themselvee. In an ex- 
IMUiding area migration would take place, local segregation 
in the colonial areas would be rendered possible, differential 
^mination in the different migration-areas would produce 
divergence. There would be diminished elimination of 
xuotral Tariatione, thus affording opportunities for expori- 
jnental combinations. In general, good times would favour 
Tariatiou and divergence. 

Intermediate between good times and hard times would 
come, in logical order, the times in which there is neither 
au expansion nor a contraction of the life-area. One may 
cappose that these are times of relatively little change- 
There is neither the divergence rendered possible by the 
expansion of life -are a, nor the heightened elimination 
enforced by the contraction of life-area.* Elimination is 
steadily in progress, for the law of increase must still 
hold good. Divergence is stitl taking place, for the law of 
Variation Btill obtains. But neither is at its maximum. 
These are the good old-fashioned times of slow and steady 
conservative progress. They are, perhaps, well exemplified 
by the fauna of the Carboniferous period, and it is not at 
sU improbable that we are ourselves living in such a quiet, 
Maficrvative period. 

On the other hand, hard times would mean increased 
elimination. During the exhibitions at South Kensington 
tiwre were good times for rats. But when the show was 
OTcr, there followed times that were cruelly hard. The 
keenost competition for the scanty food arose, and the poor 
uumals were forced to prey upon each other, " Their 
etaungs for food," we read in Isalure, " culminated in a 
fierce onslaught on one another, which was evidenced by 
tin piteous cries of those being devoured. The method of 
Kiziog their victims was to suddenly make a raid upon 

* t noulil rule hletoriDU wbctber there have not been, iti Eugluh hiBtory. 
|Nd times of ft««iin<l bcneflulnl dirergeni'e etGaip1ifi«l In dirL-rsu iiitulli^tiial 
Uttfitj, hMtil tiioea at rigomus i-Umination, aud iDtvrmeiliiito timed of plaoid, 
wmiiiiliui liumdnim ooURetvuUaui. 
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one weaker or smaller than themselvesy and, alter 
powering it by numbers, to tear it in pieces." £1 
by competition, passing in this way into eliminatioii 
battle, would, during hard times, be increased. None 
the best organized and best adapted could hope to 
There would be no room for neutral variations, which, i| 
the keenness of the struggle, would be relatively disadi 
tageous. Slightly divergent varieties, before kept a] 
through local segregation, would be brought into 
petition. The weakest would in some cases be elimii 
In other cases, the best-adapted individuals of each 
might survive. If their experiments in inter< 
should such occur, gave rise to fertile offspring, moni| 
vigorous and better adapted than either parent-race, thesi 
would survive, and the parent-forms would be eliminatelr 
But if such experiments in intercrossing gave rise ii 
infertile, weakly offspring, these would be eliminated. Thm 
sterility between species would become fixed. Whereyer, 
during the preceding good times, divergence had taken 
place in two different directions of adaptation, and eoma 
intermediate forms, fairly good in both directions, had beoi 
able to escape elimination, the chances are that these mte^ 
mediates would be in hard times eliminated, and the 
divergent forms left in possession of the field. Wherever, 
during good times, a species had acquired or retained a 
habit of flexibility, that habit would stand it in good stead 
in the midst of the changes wrought by hard times; bat 
when it had, on the other hand, acquired rigidity (like the 
proverbially " inflexible goose "), it would be at a disadvan- 
tage in the stress of a heightened elimination. 

The alternation of good times and hard times maybe 
illustrated by an example taken from human life. The 
introduction of ostrich-farming in South Africa brought 
good times to farmers. Whereupon there followed diver- 
gence in two directions. Some devoted increased profits to 
improvements upon their farms, to irrigation works which 
could not before be afforded, and so forth. For others in- 
creased income meant increased expenditure and an easieii 
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more laxorioas, mode of life. Then came hard times. 
I, in Alrica and elsewhere, learnt the secret of ostrich- 
Competition brought down profits, and eiimina- 
set in — of which variety need hardly be stated, 
believe that the alternation of good times and hard 
daring secahir changes of climate and alternate ex- 
ions and contractions of Ufe-areas through geological 
iTals and depression of the land, has been a factor of 
greatest importance in the evolution of varied and 
t forms of life, and in the elimination of inter- 
forms between adaptive variations. It now only 
in this chapter to say a few words concerning con- 
ice, adaptation, and progress. 

mrergence, which ia the converse of divergence, is 

it ftbont through the adaptation of different forms 

o Eimilar conditions of o^istcnce. The somewhat 

form of the body and fin-like limbs of fishes, of 

it reptiles ithe icbthyosaurns and its allies), of whales, 

and manatees, is a case in point. Both birds, bats. 

lactyls have keeled hreaBtbones for the attacb- 

ot the large muscles for flight. A whole series of 

his adaptations, as the result of analogous modes of 

found in the placental mammals of Europe and 

the one hand, and the marsupial forms of Australia 

other hand. The Hying squiiTcI answers to the 

phalanger, the fos to the vulpine phalanger, the bear 

koaln, the badger to the pouched badger, the rabbit 

bandicoot, the wolverine to the Tasmanian devil, the 

to the pouched weasel, the rats and mice to the 

rats and mice, and so on. A familiar example 

.veigence is to be seen in our swallows and martins, 

Uie one hand, and the swifts on the other. Notwith- 

Auding their superficial similarity in external form and 

Wiits, they are now generally regarded as belonging to 

£itiact orders of birds. 

Th»se are examples of convergence.* Animals of 



• Two Bum l«diiuc«l PIBni|il™ in»r 1* iinlioBil ii 
fcilil liM raomtlf xChMtmjcr RI^Ilu^la, vol. x> 
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freely throughout the body, but eTentually find a home in 
the reproductive cells. Just as the organism produces an 
ovum from which an organism like itself develops, so do 
the cells of the organism produce gemmules, which find 
their way to the ovum and become the germs of similar 
cells in the developing embryo. *' The child, strictly 
speaking," says Darwin, '' does not grow into a man, but 
includes germs which slowly and successively become 
developed and form the man.*' ''Each animal maybe 
compared with a bed of soil full of seeds, some of which 
soon germinate, some lie dormant for a period, whilst 
others perish." Or, to vary the analogy, "an organic 
being is a microcosm — a little universe formed of a host 
of self-propagating organisms." This is Darwin's pro- 
visional hypothesis of pangenesis, which has recently been 
accepted in a modified form by Professor W. K. Brooks in 
America, to some extent by De Vries on the Continent, by 
Professor Herdman of Liverpool, and by other biologists. 
The ovum on this view is to be regarded as a composite 
germ containing the germs of the cellular constituents of 
the future organism. The scheme representing this view 
will stand thus — 

^__,__— Skeletal and protective cells ..^^^ . sk. and pr. ,..,^^ ^ •• 

Reprodactlre cell O Nerve and niuocle tells ^^O'- — °- •"<* ™- -—^0 — ■• 

""^~- — ^Qlaudular and nutritive cells """^ "^^ gL andna. '"^ ^"^8*- 

It is clear that, on this hypothesis, we may frame an 
apparently simple and, on first sight, satisfactory theory of 
heredity. Since all the body-cells produce gemmules, 
which collect in or give rise to the reproductive cells, and 
since each gemmule is the germ of a similar cell, what can 
be more natural than that the ovum, thus composed of 
representative cell-germs, should develop into an organism 
resembling the parent organism ? Modifications of structure 
acquired during the life of the organism would thus be 
transmitted from parent to oflFspring ; for the modified cellfl 
of the parent would give rise to modified gemmules, which 
would thus hand on the modification. The inheritance of 
ancestral traits from grandparent or great-grandpareii^ 
might be accounted for by supposing that some of tb^ 
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jemmaleB remained latent to develop in the second or 
Uiird generation. Tbe regeneration of lost parts receives 
also a ready explanation. If a part be removed by ampa- 
tation, regrovrth is possible because there are dieseminated 
Ihroughont the body gemmules derived from each part and 
from every organ. A block of nascent cells or ot partially 
ieTeloped gemmolea may even be retained for this special 
purpose, either locally or throughout the body, ready to 
oombine with the gemmules derived from the cells which 
eome nest in duo succession. Similarly, in budding, the 
bads may contain nascent cells or gemmules in & some- 
Thftt advanced stage of development, thus obviating the 
neeesKity of going through all the early stages in the 
gmeeia of tissues. The gemmules derived from each part 
beiog, moreover, thoroughly dispersed through the system, 
■ tittle fragment of such an organism as hydra may con- 
tun sufficient to rebuild tbe complete organism ; or, if it 
euntaius an insulhcieat number, we may assume that the 
gemmules, in their undeveloped state, are capable of multi- 
[dyiiig indefinitely by self-division. Finally, variations 
aight arise from the superabundance of certain gemmules 
ind the deficiency of others, and from the varying potency 
otthe gemmules contained in the sperm and ovum. Where 
tb maternal and paternal gemmules are of equal potency, 
Ihe cell resulting from their union will be a true mean 
tietireen them ; where one or other is prepotent, tbe result- 
ing cell will tend in a corresponding direction. And since 
the parental cells are subject to modification, transmitted 
ibrough the gemmules to the reproductive elements, it is 
(bar that there is abundant room and opportunity for 
ntietal combinations. 

tit ia claimed, as one of the chief advantages of some 
k of pangenetic hypothesis, that it, and it alone, enables 
to explain the inheritance of characters or modifications 
of stmctnre acquired by use (or lost by disuse) during the 
life of the organism, or imprinted on the tissues by en- 
Jionmental stresses. The evidence for the transmisBion 
BiSUch acquired characters we shall have to consider 
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V >A::>-tr.v:r. 'rj-six*^^. ^ iiunffii*^ ixui ianui ids of fife 

^f ';>;;-/.v-7i:.-.A".. .? l ;ifc*niur^ friHL x Titir^ itnnritfi to i 

!:/;•#',. •,*..'/:. 1:: vrzi^ifii ^i ia iu* ii»crxi!tiinL of one 

lU yMsi'l of a ttL-zIIt iif^Tin rrzasLisn. ':r zrjq» of 
hrintuiHUiA, l)r*rlL'^ lati rzii=s iiier= zuij :e E^oh revo- 
liiii/fri, or rt:\i\iU'J:UihZiX of :-ii* =c5 ;f ir^kzi i.rms by 

Htloifi<;r K';t of Om^hti'lC foiTLS. I: Ti5 cj reTz^ir.L tkt 

ilin (lorniriHnt n;ptil<;a of the Mis:i::r -riticl Tirr rrrlicfid 
hy Uin <loriiirirtrjt mammals of Ka:r.:2::>: xzn-es. I; was by 
rnv«»liil.inii timt ptorodactvls were s-prlAricd It birds. 
Itnvnlulioii liHH cxterrniDated manv a iirz-xro in -re^jlodcal 
M|MMi. On \\u' other hand, it was bv eToIniion tbit the 
lit I In nproiali/.rd Kocoiic ungalates gave rise to the horse, 
\\\o «Mnu(»l, iumI tho doer; by divergent eToIation that the 
liiMtirt \\\\\\ dof^K \v(^ro derived from common ancestors. 
l*iilitMMittdo|;y ioHli(i(>H both to evolution and revelation.* 
'riiiil hiMloiy diM»H tho Hame, I need not stay to exemplify. 
*l1\o n\\\\\o htww niMo apply to systems of thought. Dar- 
NNinniu \\\Vi rovohitunii/iod our conceptions of nature. 
iVinwu |d!»oo\l upon a satisfactory basis a new order of 
n\u*»|M> 1;^lion o( tho organic world. By it other interpre- 
i:^t\onu haNo lvoi\ supplanted. And now this new concep- 
^o»\ \» un^l* lo^ius oNolution, not without some divergence. 
\\\ \\\\'^ *'b,:^pU r wo have soon how evolution is possible 
uo,\,*x u;^^,'.>;U oov,d\tiv>ns. If tho law of increase be true, 
w vA^^w ,uv VxMn tl;an oau survive to procreate their kinJ» 
\'. >:.,\>l V, \.'t^^v, ;s rt U\<ioal nooossity. We must not 
V.>'.^^ ,^•> •;.^'.v:,'ilV,,Ts :\t lu^t sooing this. Until geology 
: i,v , AN ':.,;, X*, o;;\ cvv,x\v:;.>v. v^f tinu\ no such conclusions 
,,^ .,\ *v ,*\oxxv, ;{ ov»:-Av,isv.;$ have existed but six oi 
> , \ X . ^ J ' ; o ; . V i4 V ,\ \ \\^ ;-s . A V. ,; i f ir, t ho la >t thousand years 
, :; / ,v, \\v ,^ c^\^, ;v, ,^^cAv,^' M:V has occurred, the 
*, . .s^v 5 ,v,; :: vi r ,> ,v .■.'..; V.Axc v'.riciiiat^-d bv anv suci 
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as natural selection is manifestly absurd. Lyell 

I neeessary precursor of Darwin. Given, then, 

and elimination throughout geological time, 

selection is a logical necessity. No one who 

3ly grasps the facts can now deny it. It is an 

Lonable factor in organic evolution. Whether it is 

factor, is quite another matter, and one we will 

in the chapter on " Organic Evolution." 
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CHAPTER V. 

HEBEDITY AND THE ORIGIN OP VARUTIONS. 

The law of heredity, I have said above, may be regarded 
as that of persistence exemplified in a series of organic 
generations. Variation results — it is clear that it must 
result — from some kind of differentiating influence. Such 
statements as these, however, though they are true enough, 
do not help us much in understanding either heredity or 
variation. 

Let us first notice that normal cases of reproduction 
exemplify both phenomena — heredity with variation; 
hereditary similarity to the parents in all essential respects, 
individual variations in minor points. This is seen in 
man. Brothers and sisters may present family resem- 
blances among each other and to their parents, but each 
has individual traits of feature and of character. Only in 
particular cases of so-called "identical twins" are the 
variations so slight as not to be readily perceptible by even 
a casual observer. 

Now, when we seek an explanation of these well-known 
facts, we may be tempted to find it in the supposition that 
the character of the parents does not remain constant, that 
the character influences the offspring, and that therefore 
the children bom at successive periods will differ from each 
other, while twins born in the same hour will naturally 
resemble each other. As Darwin himself says,* " The 
greater dissimilarity of the successive children of the same 
family in comparison with twins, which often resemble 
each other in external appearance, mental disposition, and 

* <« AnimalB and Plants under Domestication," toI. ii p. 239. 
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caaBtttation, in so estraordinary b manner, apparently 
pOTW that tiie state o( the parents at the eiact period of ' 
eoneeption, or the nature of the snbseqaent embryonic 
dereJopment, has a direct and povrerfnl influence on the 
tfaataeter of the offspring." But a little consideration will 
Abv that, though this might, in the aheence of a Letter 
explanation, account for variation in character, it could not 
teeoaok for variation in form and feature, unless ve regard 
tbtse as in some vaj determined by the character. More- 
aver, as we shall see presently, it is open to qaestioa 
■hetber acquired modifications of structure or character in 
ttw parent can in any way influence the offspring. Again, 
\k tbe litter of puppies bom of the same bitch by the same 
there are individual variations, often as well marked 

Buccessive births. 

The facts, then, to be accounted for are — first, the close 

resemblance in all essential points of ofTspring 

and, secondly, the individual differences in 

ts among the offspring produced simultaneously 

vely by the same parents. These are the facts 

Qwy oecor in the higher animals. It will be well to 

ap to our consideration of them by a preliminary 

!j of the fects as they are exemplified by some of the 

organisms. 

In the simpler protozoa, where fission occurs, and where 

organism is composed of a single cell, where aba there 

a single nucleus which apparently undergoes division 

two equal and similar parts, it is easy to understand 

it the two organisms thus resulting from the halving of 

" igle organism partalre completely of its nature. If the 

Ion of an amtcba is such as to divide it into two similar 

there is no reason why these two similar parts 

lold not be In all respects alike, and should not, by the 

lilatioa of new material, acquire the size and all the 

fteristics of the parent form. In the higher and 

more differentiated protozoa, the case is not quite so simple; 

|i lor the two halves are not each like the whole parent, but 

^Kftve to bo remodelled into a similar organism. But if we 
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suppose, as we seem to hare every right to suppose, that 
it is the nucleus that controls the formative processes in 
the cell, there is not much difficulty in understanding how, 
when the nucleus divides into two similar portions, each 
directs, so to speak, the similar refashioning of its own 
separated protoplasmic territory. 

From the protozoa we may pass to such a comparatively 
simple metazoon as the hydra. Here the organism is com- 
posed, not of a single cell, but of a number of cells. These 
cells are, moreover, not all alike, but have undergone 
differentiation with physiological division of labour. There 
is an inner layer of large nutritive cells, and an outer layer 
of protective cells, some of which are conical with fine pro- 
cesses proceeding from the point of the cone ; others are 
smaller, and fill in the interstices between the apices of the 
cones, while others have developed into thread-cells, each 
with a fine stinging filament. Between the two layers 
there is a thin supporting lamella. The essential point we 
have here to notice is that there are two distinct layers 
with cells of different form and function. 

Now, it has again and again been experimentally proved 
that if a hydra be divided into a number of fragments, each 
will grow up into a complete and perfect hydra. All that 
is essential is that, in the separated fragment, there shall 
be samples of the cells of both layers. Under these con- 
ditions, the separated cells of the outer layer regenerate a 
complete external wall, and the separated cells of the inner 
layer similarly regenerate a complete internal lining. From 
these facts, it would appear that such a small adequately 
sampled fragment has the power, when isolated, of 
assimilating nutriment and growing by the multiplication 
of the constituent cells, and that the growth takes such 
lines that the original form of the hydra is reproduced. 

Here we may note, by way of analog}', what takes place 
in the case of inorganic crystals. If a fragment of an 
alum crystal be suspended in a strong solution of alum, 
the crystal will be recompleted by the growth of new parts 
along the broken edges. We say that this is effected under 
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the mflnenoe of molecular polaritr. SimilarlT, we may 
aj that the fragment of the hydra rebuilds the complete 
form mider the influenoe of an hereditarr morphological 
tendency residing in the nuclei of the several cells. The 
case, though still oomparatiTely simple, is more complex 
than that of the higher protozoa. There the divided nucleus 
in two separated cells directs each of these in hereditary 
lines of morphological growth. Here not only do the cells 
and their nuclei divide, but they are animated by a common 
marphologieal principle, and in their multiplication combine 
to form an organism possessing the ancestral symmetry. 
Uj however, we call this an hereditary morphological 
tendency or a principle of symmetry; or, with the older 
physiologists, a nisus formativus ; or, with Darwin, ** the 
eo-ordinating power of the organization " (all of these 
exforessions being somewhat unsatisfactory) ; — we must 
remember that these terms merely imply a play of molecular 
forces analogous to that which causes the broken crystal 
of alum to become recompleted in suitable solution. The 
inherent molecular processes in the nuclei * in the one 
ease enable the cells to regenerate the hydra ; the inherent 
molecular stresses in the crystalline fragment in the other 
case lead to the reproduction of the complete crystal. 
In either case there is no true explanation, but merely a 
restatement of the facts under a convenient name or phrase. 
The power of regeneration of lost parts, which is thus 
seen in the hydra, is also seen, in a less degree so far as 
amount is concerned, but in a higher degree so far as com- 
plexity goes, in animals far above the hydra in the scale of 
life. The lobster that has lost a claw, the snail whose 
tentacle has been removed, the newt which has been docked 
of a portion of its tail or a limb, are able more or less com- 
pletely to regenerate these lost parts. And the regeneration 
may involve complex structures. "With the tentacle of the 
Bnail the eye may be removed, and this, not once only, but 

• Or in certain •* physiological unita " (Herbert Spencer), or " plastidulcH " 
(H4(ck^l^ which may he regarded as organic molecules exhibiting their 
fecial properties under yital conditions. 
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a dozen times. After such mutilation, no part of the 
remains, though the stump of its nerve is, of coarse, left; 
still the perfect organ is reconstructed again and again, as 
often as the tentacle is removed. The cells at the cut end 
of the nerve-stump divide and multiply, as do also those of 
the surrounding tissues, and the growing nerve temunatefl 
in an optic cup, as it did previously under the influences of 
normal development before the mutilation. Here we have 
phenomena analogous to, and in some respects more com- 
plex than, those which are seen in the regenerative process 
in hydra. It is well known, however, that, in the case of 
higher animals, in birds and mammals, this power of 
regenerating lost parts does not exist. When a bone is 
broken, osseous union of the broken pieces may indeed take 
place ; and in flesh-wounds, the gash is filled in and heals 
over, not without permanent signs of its existence, as may 
often be seen in the faces of German students. But beyond 
this there is normally no regeneration. The soldier who 
has lost an arm in battle cannot return home and in qniet 
seclusion reproduce a new limb. That which seems to be 
among lower animals a well-established law of organic 
growth does not here obtain. This is probably due to the 
fact that the higher histological differentiation of the tissues 
in the more highly developed forms of life is a bar to 
regeneration. In their devotion to special and minute 
details of physiological work, the cells have, so to speak, 
forgotten their more generalized reproductive faculties. 
In any case, however the fact is to be explained, the 
higher organisms have in many cases almost completely 
lost the power of regenerating lost parts. But this loss of 
the regenerative power in the more highly differentiated 
animals does not alter or invalidate the law of organic 
growth we are considering. The law may be thus stated: 
Whenever, after mutilation, free growth of the mutilated surfaci 
occurs, iliat growth is directed in such lines as to reproduce 
the lost part arid restore the symmetrical integrity of the 
organism. This is a matter of heredity. And we may 
regard the hereditary reconstructive power as residing 
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iUicr (1) in those cells at or adjoining the mutilated 
nrface which are concerned in the regrowth of the lost 
itrt ; or (2) in the general mass of cells of the mutilated 
irganism. 

There are difficiiltieB in either view. Professor Sollaa, 

iopporting the former, says,* "This power [in the enail] 

of growing afresh bo complex find Epecialized an organ as 

eye is certainly, at firet sight, not a Utile astonishing, 

it appears to be capable of a very simple explanation. 

cells terminating the cut stump of the tentacle are the 

itors of those which are removed ; a fresh series of 

idants are derived from them, similarly related to the 

Itrai cells as their predecessors which they replace ; 

fiist generation of descendants become in turn ancestors 

second generation, similarly related to them as were 

ucond tier of extirpated cells ; and this process of 

it being repeated, the completed organ will at length 

nbuilt," This explanation is, however, misleading in 

Btmplicity. The cells terminating the cut stump are 

direct ancestors of those which are removed, except 

se as gorillas are ancestors of men. They 

collateral descendants of common ancestors. I 

that Professor SoUae would probably agree that, 

[h the lens and " retina " are of epiblastic (outer 

origin, their relationship with the epiblastic cells at 

cut stump is a somewhat distant one. In the repro- 

Uon of the lens the cell-heredity is not direct, but 

idly indirect. And it is somewhat diiScult to under- 

id by what means the ordinary epiblastic cells of the 

Btnmp, which have had no part in the special and 

work of lens -production, should be enabled to 

pndace cell-offspring, some of which, and those in a 

sfiocial relation to other deeper-lying cells, possess this 

iuliar power. 

the other hand, if we turn to the view that the 
inction is effected, not by the cells of the cut surface 
l>ut by the general mass of cells in tbo mutilated 

* A'olure, Ti>t. uzii. p. 480. 
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organism, we have to face the difficulty of understanding 
how the influence of cells other than those partaking in 
the regrowth can be brought to bear on these so as to 
direct their lines of development. If we say that the 
organism is pervaded by a principle of symmetry such 
that both growth and regrowth, whenever they take place, 
are constrained to follow the lines of ancestral symmetry, 
we are really doing little more than restating the facts 
without affording any real organic explanation. That 
which we want to know is in what organic way this sym- 
metrical growth is effected — how the hereditary tendency is 
transmitted through the nuclear network which is concerned 
in cell-division. I do not think that we are at present in 
a position to give a satisfactory answer to this question. 

Let us now return to the hydra, the artificial fission of 
which has suggested these considerations. Multiplication 
in this way is probably abnormal. Under suitable con- 
ditions, however, if well fed, the hydra normally multiplies 
by budding. At some spot, generally not far from the 
'' foot," or base of attachment, a little swelling occurs, and 
the growth of the cells in this region takes such lines that 
a new hydra is formed. This is at first in direct con- 
nection with the parent stem, the two having a common 
internal cavity ; but eventually it separates and lives a free 
existence as a distinct organism (see Fig. 9, p. 45). 

Now, here we may notice, as an implication from these 
facts, that the size of the organism is limited. When the 
normal limits of size are reached, any further assimilation 
of nutriment ministers, not to the further growth of the 
organism, but to the formation of a new outgrowth, or 
bud. What determines that the outgrowth, or bud, should 
originate in this or that group of cells, we do not know. 
But, like the isolated fragment in the hydra subdivided 
by fission, the little group in which budding commences 
contains a fair sample of the various kinds of cells which 
constitute the hydra. And here, too, we see that their 
growth and development follow definite lines of hereditary 
symmetry. 
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(L £at there ia a third method of multiplication in hydra : 
■is is the sexaal mode of reproduction, and occnra 
^erally in the autnmn. On the body-wall of certain 
indiTidaaU, near the tentacles, conical swellings appear. 
Within these swellings are great numbers of minute sperms, 
irith small oval heads and active, throad-like tails. They 
■fipear to originate from the interstitial cells of the outer 
byer (see p. 124). Nearer the foot, or base of attachment, 
ind generally, but not quite always, in separate individuals, 
llisre are other larger swellings, different in appearance, 
^Ld( which there is generally only one in the same individual 
^Bttbe same time. Each contains a single ovum, or egg- 
^Htf, surrounded by a capsule. It, too, and the cells which 
Korroand it would appear to be developed from the inter- 
ititial cells. It grows rapidly at the expense of the sur- 
nandiug tissue, but when mature, it bursts through the 
mveloping capsule, and is freely exposed. A sperm-cell, 
vbicb seems, in some cases at least, to be produced by the 
lime individual, now unites with it ; the egg-cell then 
kgins to undergo division, becomes detached, falls to the 
tottom, and develops into a young hydra. 

Here, then, we have that sexual mode of reproduction 
which occurs in all the higher animals. It is, however, in 
Mme respects peculiar in hydra. In the first place, the 
omm is nearly always in other animals (but occasionally 
not in hydra) fertilized by the sperm from a separate and 
distinct individual. In the second place, the germinal cells 
are generally produced, not from the outer layer, but from 
the middle layer, which appears between the two primitive 
UvBrs. In some allies of hydra, however, they take their 
orif^in id the inner layer ; and it has been suggested that, 
eren in hydra, the true germinal cells may migrate from 
the itiDcr to the outer layer. But of this there does not 
Mem to be at present sufficient evidence. In any case, 
buwaTer, the essential fact to bear in mind is that a new 
iBdivtdaaJ is produced by the union of a single cell pro- 
duced by one organism and of another cell pmdnped in 
BMt oases (but not always in the b3-dra) from a different 
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labour, will become the special basiness of certain cells. 
On this view, the specialization of the reproductive faculty 
and of germinal cells takes its place in line with other ceU- 
differentiations with division of labour ; and the difficulties 
of comprehending and following the process of differentia- 
tion in this matter are similar to those which attend 
physiological division of labour in general. 

It is probable that, in the lower metazoa, in which 
differentiation has not become excessively stereotyped, the 
power of developmental reproduction is retained by a great 
number of cells, even while it is being speciaUzed in certain 
cells. Hence the ability to produce lost parts and the 
reproduction of hydra by fission. But, on the other hand, 
the special differentiation of a tissue on particular lines 
has always a tendency to disqualify the cells from perform- 
ing other protoplasmic faculties, and that of developmental 
reproduction among the number. I do not know of any 
definite, well-observed cases on record in the animal kingdom 
of ova or sperms being derived from cells which are highly 
differentiated in any other respect. In the vertebrata, the 
mesoblastic, or mid-layer, cells, from which the germinal 
epithelium arises, have certainly not been previously 
differentiated in any other line. And in the case of the 
hydroid zoophytes, quoted by Professor Weismann, the 
cells which give rise to the germinal products have never 
been so highly differentiated as to lose the protoplasmic 
faculty of developmental reproduction. 

Some such view of developmental reproduction, based 
upon cellular continuity and the division of labour, seems 
to me more in accord with the general teachings of modem 
biology than a hypothetical and arbitrary distinction 
between a supposed germ-plasm and a supposed body- 
plasm. 

To which category, then, does this hypothesis belong ? 
Does it support the view that the hen produces the egg or 
that the egg produces the hen ? Undoubtedly the latter. 
It is based on cellular continuity, and is summarized by the 
scheme on p. 181. It adequately accounts for hereditary 
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I continnity, for there is a continnity of the germinal cells, 
I the bearers of heredity. But how, it may he asked, on 
tiiis view, or on any continuity hypothesis, are the origin 
of rariatioDS and their transmission to be accounted for ? 
To this question we have next to turn. But before doing 
BO. it will he well t« recapitulate and summarize the positione 
we have so far considered. 

We saw at the outset that the facts we have to account 
for are those of heredity with variation. To lead up to the 
facts of sexual heredity, we considered fission, the regenera- 
tion of lost parts, and budding in the lower animals. We 
Mw that, if a hydra he divided, each portion reproduces 
sppropriately the absent parts. But we found it difficult 
to say whether this power resides, in such cases, in the 
celts along the plane of section or in the general mass of 
cells which constitute the regenerating portion. 

Having led up to the sexual mode of reproduction, we 
[Dquired whether the egg produces the hen or the hen pro- 
duces the egg. We saw that there is a marked difference 
between a diretl continuily of reprotluctive cells, giving rise 
to body -cells as by-produets, and an indirect continuity of 
reproductive cells, these cells giving rise to the hen, and 
then the ben to fresh reprodaotive cells, which, on this 
vi«w, are to be regarded as concentrated essence of hen. 

Darwin's hypothesis of pangenesis as esemplifyiug the 
lattor view was considered at some length, and the modi- 
fications suggested hy Professor Brooks, Mr. Galton, and 
I Professor Herdman were indicated. The hypothesis, so far 
^B^ it is regarded as a theory of the main facts of heredity, 
^^ns rejected. 

^f It was then pointed out that only in a few cases has a 

I dir<-et continuity of germinal cells aa such been actually 

<leoii>Diit rated. Whence Professor Weismann has been led 

to clahornte hia doctrine of the continuity of germ-plasm. 

. Sliia germ-plasm can give rise to, bnt cannot originate 

I, body-plasm. It may lurk in body-cells, which may, 

ibseijuent development, be transformed into germ- 

t any external influences which may affect these 
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variations. This view, however, would seem to involve an 
hypothesis which may be true, but which, in any case, 
should be indicated. For it is clear that if new or favour- 
able variations arise in this way, the germinal union 
cannot be a mere mixture, but an organic combination. 

An analogy will serve to indicate the distinction implied 
in these phrases. It is well known that if oxygen and 
hydrogen be mixed together, at a temperature over 100** C, 
there will result a gaseous substance with characters inter- 
mediate between those of the two several gases which are 
thus commingled. But if they are made to combine, there 
will result a gas, water-vapour, with quite new properties 
and characters. In like manner, if, in sexual union, there 
is a mere mixture, a mere commingling of hereditary 
characters, it is quite impossible that new characters 
should result, or any intensification of existing characters 
be produced beyond the mean of those of ovum and sperm. 
If, for example, it be true, as breeders believe, that when 
an organ is strongly developed in both parents it is likely 
to be even more strongly developed in the ofi'spring, and 
that weakly parts tend to become still weaker, this cannot 
be the result of germinal mixture. Let us suppose, for 
the sake of illustration, that a pair of organisms have each 
an available store of forty units of growth-force, and that 
these are distributed among five sets of organs, a to c, as 
in the first two columns. Then the offspring will show the 
organs as arranged in the third column.* 

Parents. Offspring. 



a ... 


... 10 ... 


... 10 ... 


... 10 


6 ... 


... ... 


... 10 ... 


... 9 


e ... 


... V ... 


... 5 ... 


... 7 


d ... 


... 7 ... 


... 9 ... 


... 8 


e .... 


•.. 6 ... 


... 6 ... 


... 6 




40 


40 


40 



• Latency is here neglected. Mr. Francis Galton has shown, Btatistically, 
that the offspring, among human folk, inherit \ from eacli parent, ^ from 
enoh grandparent, and the remaining \ from more remote ancestors. In 
d imesticated animals, reversion to characters of di&tiint ancestors sometimes 
occurs. This, however, does uot invalidate the argument in the text, which 
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There is no increase in the set of organs a, which are 
strongly developed in both parents ; and no decrease in 
tiie set of organs e, which are weakly developed in both 
pirenta. By sexual admixture alone there can be no 
increase or decrease beyond the mean of the two parental 
forms. If, then, the union of sperm and ovum be the 
H'Urce of new or more favourable variations other than or 
stronger than those of either parent, this must be due to 
Uie fact that the hereditary tendencies not merely com- 
mingle, but under favourable conditions combine, in sonia 
vay dilTerent indeed from, hut perhaps analogous to, that 
exemplified in chemical combination. 

Such organic combination, as opposed to mere com> 
mixture, is altogether hypothetical, but it may be worth 
vliile to glance at some of its implications. If it be 
analogous to chemical combination, the products would 
ba of s definite nature; in other words, the variations 
TDdld be in definite directions. Selection and elimination 
vuuld cot have to deal with variations in any and all 
directions, but would have presented to them variations 
tpevisUy directed along certain lines determined by the 
lavs of organic combination. As Professor Huxley has 
said, " It is quite conceivable that every species tends to 
produca varieties of a limited number and kind, and that 
Uie effect of natural selection is to favour the development 
of some of these, while it opposes the development of others 
along their predetermined line of modification." Mr. 
Golick * and others have been led to believe in a tendency 
to divergent evolution residing in organic life-forms. Suoh 
t tendency might be due to special modes of organic com- 
bination giving rise to particular lines of divergenoe. 
Again, we have seen that some naturalists believe that 
(pecific characters are not always of utilitarian significance. 
Bat, aa was before pointed out, on the hypothesis of all- 

h tt*t lenuil B^mitlare tendi tanardg tbe xafOi oC the i«ce (ancMlnrt 
wlX »nJ onnnot bocrfdil&i with now aoil unuBuaily fuvourablo vwistioM. 
M pnpiit«i>i!y of une purenC is alBu bijre nBgltctod. 
* tiuelkia Tdiuubleimperuu " Diverguut l^vulutian," LLu. Soo. Zoul., No. cix. 
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ovum-nucleus. For the ovum, besides being a germ- bearer, 
is a specialized cell, and its special form is determined by 
the body-plasm it contains. This is got rid of in the first 
polar cell, and nothing but germ-plasm remains. Now, 
if nothing further took place, all the ova of this same 
individual containing similar germ-plasm would be identical, 
and similarly with all the sperms from the same parent. 
The union of these similar ova from one parent with similar 
sperms from another should therefore give rise to similar 
offspring. But the offspring are not all similar; they 
vary. Professor Weismann here makes use of the second 
polar cell.* " A reduction of the germ-plasm," he says, 
" is brought about by its formation, a reduction not only 
in quantity, but above all, in the complexity of its constitu- 
tion. By means of the second nuclear division, the excessive 
accumulation of different kinds of hereditary tendencies or 
germ-plasms is prevented. With the nucleus of the second 
polar body, as many different kinds of plasm are removed 
from the egg as will be afterwards introduced by the sperm- 
nucleus." " If, therefore, every egg expels half the number 
of its ancestral germ-plasms during maturation, the germ- 
cells of the same mother cannot contain the same hereditary 
tendencies, unless we make the supposition that corre- 
sponding ancestral germ-plasms chance to be retained by 
all eggs — a supposition that cannot be sustained." 

The two polar cells are therefore, on this view, of totally 
different character ; and the nuclear division in each case 
of a special kind and zui generis, I do not think that the 
evidence afforded by observation lends much support to 
this view. But with that we are not here specially con- 
cerned. We have to consider how this reduction of tlie 
number of ancestral germ-plasms can further the kind of 
variation required. Now, it is difficult to see, and Professor 
Weismann does not explain, how the getting rid of certain 
ancestral tendencies can give rise to new characters or the 
enhancement of old characters. One can understand how 
this "reducing division," as Dr. Weismann calls it, can 

♦ Weismann, ** Essays on Heredity," pp. 355, b78. 
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e the level of now one aud now another chnracter. 

^t bow it can raiae the level beyond that attained by 

jBier parent ia not obvious. It is perhaps possible, thoagb 

^fessor Weismami does not, I think, suggest it, tliat, by 

lind of compenaation," the reduction of certain characters 

jnflead to the enhancement of others. Let us revert to 

e illustration on p. 150, where each individual has an 

lailablo store of forty units of growth-force ; and let ua 

■press by the minus sign the units lost in the parents by 

\i extrusion of the polar cell and an analogous process 

raich may occur in the genesis of the sperm. Then the 

tsof growth-force which may thus be lost bya "reducing 

Bnaion " in h, v, and e may be, in the offspring, applied 

IDtiie further growth of a : thus — 



nere the reduction of the characters fc, c, and e has 
d to the enhancement of a, which thus stands at a higher 
prel than in either parent. 

On such an hypothesis we may, perhaps, explain the 
let to which breeders of stock testify — that the organ 
Hrongly developed in both parents (a) is yet more strongly 
dereloped in some of their offspring, aud that weakly parts 
W tend to become still weaker. I know not whether this 
tayof putting the matter would commend itself to Professor 
WeiBtoanu or his followers; but some such additional 
typutheaia of traneference of growth-force from one set of 
orgaus to another set of organs seems necessary to complete 
lii* bjpotbcsis, 

VrofesBor Weismann's view, then, assumes (1) that the 
"fll-di vision which gives rise to the ova in the ovary is so 
llwulntely equal and similar that all ova have precisely 



* Ttit Inv cX imponantiou of gmwth ar balitDCemmt 1 
"•rlj LhiMani! time by Gi.ethennd OeoffiMy Si.ml-Hilniro. 
I'thtlrit liBi not, wi Tor u I kiicw, boou Uef>jrc siigg(3itu>l, 



KB auggeitei] at 

Tlio apiiliMliuu 
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the same characters ; (2) that the first polar cell leave 
the germinal matter unaffected, merely getting rid ( 
formative body-plasm ; (3) that the nuclear division givin 
rise to the second polar cell is unequal and dissimilai 
effecting the differential reduction of ancestral gem 
plasms. Concerning all of which one can only say thi 
it may be so, but that there is not much evidence that 
is so. And, without strong confirmatory evidence, it 
questionable whether we are justified in assuming thes 
three quite different modes of nuclear division. 

There remains one more question for consideration, 
the hypothesis that the germ-cells cannot in any specif 
way be affected by the body-cells. In considering th 
union of ovum and sperm as a source of variation, we hav 
taken for granted the existence of variations. We hav 
been dealing with the mixture or combination of ahead 
existing variations. How were variations started in tb 
first instance ? 

We have already seen that in the protozoa parent an 
offspring are still, in a certain sense, one and the sam 
thing ; the child is a part, and usually half, of the pareni 
If, therefore, the individuals of a unicellular species ar 
acted upon by any of the various external influences, it 1 
inevitable that hereditary individual differences will aris 
in them ; and, as a matter of fact, it is indisputable tbi 
changes are thus produced in these organisms, and thi 
the resulting characters are transmitted. Hereditai 
variability cannot, however, arise in the metazoa, in wbi' 
the germ-plasm and the body-plasm are differentiated a 
kept distinct. It can only arise in the lowest imicella 
organisms. But when once individual difference had be 
attained by these, it necessarily passed over into 1 
higher organisms when they first appeared. Sexual rep 
duction coming into existence at the same time, 1 
hereditary differences were increased and multiplied, c 
arranged in ever-changing combinations. Such is P 
fessor Weismann's solution of the diflSculty, told, for 
most part, in his own words. 
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{I do not know that Professor Weismann has anywhere 
inctly stated what he conceives to be the relation of 
y-plasm and germ-plasm in the protozoa. Are the two 
i-et undifferentiated? This can hardly be ao, seeing the 
damoutal distinction he draws between them. Is it 
germ-plasm or the body-plasm that is influenced by 
<rna1 stresses? \i the former, does it transfer its 
aence to the body-plasm during the life of the indi- 

ridoal? If the latter, then the body-plasm must either 
directly induence the germ-plasm in unicellular organisms 
(it would seem that, according to Professor Weiamann, it 
ciuiDot do BO in the metazoa}, or the changed bndy-plasm, 
which shares in the fission of the protozoon, must participate 
in that fio-called immortality which is often said to be the 
special prerogative of germinal matter. 

Tliese, however, are matters for Professor Weismann 

udhis followers to settle. 1 regard the sharp distinction 

Elietween body-plasm and germ-plasm as an interesting 

BMo^cal myth. For me, it is sufficient that the proto- 

i of the protozoon is modified, and the modification 

widpd on in fission. And it is clear that Professor 

rl'i'cisinann is correct in saying tliat the commisture or 

comliination of characters takes its origin among the 

protozoa. If the anicellular individuals are differently 

loiiilied, however slightly, then, whenever conjugation 

I Occurs between two such individuals, there will be a com- 

■mingling or combination of the different characters. The 

fansinissible inliueuce of the environment, however, ceases 

B^bentbe metazoon statue is reached, and special cells are 

1*1 apart for reproductive purposes — ceases, that is to say, 

I^Dso far ae the influence on the body is concerned. There 

■Bisy, of course, be still some direct* influence on the 

vCmninal ceils themselves. Except for this further in- 

mce, the metazoon starts with the stock of variations 

* Dknrin bjioIco or oliJinged ounditions ncting " diicctly rm tbe oT^niuitian 

■ *WiT«rt1y Uitnqgb tlin ruprodnctiTc ifBh-tn." Nnw, ■iiii.'e VmXtt^t Weia- 

^WatMt&n^t IIS to reroiiBuler tliese (jiimtions, we speiik or such ootiditioiia 

■wiiag dinclJ; on thu gorni or iuilireDtly tlirouyli iIib Iwdy. Tlio gcnn U 

MtuipvinbotduiBtc to tbe body, but thu body to tbc germ. 
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acquired by that particular group of protozoa — ^whatever it 
may be — from which it originated. All fatore yariiiioDi 
in even the highest metazoa arise from these. 

Now, it is obvious that no mere commingling and n- 
arrangement of protozoan characters could conoeiTablj 
give rise to the indefinitely more complex metftzoan 
characters. But if there be a combination and recom- 
bination of these elements in ever-yarying groups, the 
possibilities are no longer limited. Let us suppose that 
three simple protozoan characters were acquired. The 
mere commixture of these three could not give much 8e(^ 
for further variation. It would be like mixing carbon, 
oxygen, and hydrogen in varying proportions. Bat let 
them in some way combine, and you have, perhaps, such 
varied possibilities as are open to chemical combinations 
of oxygen, hydrogen, and carbon, whose name is legion, 
but whose character is determined by the laws of chemical 
combination. 

Summing up now the origin of variations, apart from 
those which are merely individual, on the hypothesis that 
particular modifications of the body-cells cannot be trans- 
mitted to the germ-cells, we have — 

1. In protozoa, the direct influence of the environment 
and the induced development of faculty. 

2. In metazoa — 

(a) Some direct and merely general influence of the 
environment on the germ, including under the term "en- 
vironment " the nutrition, etc., furnished by the body. 

(6) The combination and recombination of elementary 
protoplasmic faculties (specific molecular groupings) ac- 
quired by the protozoa. 

(c) Influences on the germ, the nature of which is *' 
present unknown. 

We may now pass on to consider the position of tho* 
who give an aflSrmative answer to the question — Can SX 
body affect the germ? Two things are here require^ 
First, definite evidence of the fact that the body does t 
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t the germ ; i.t. that acquired characters are inherited. 
lenndly, some answer to the question — How are the body- 
^s able to transmit their modifications to the germ-cells ? 
a will take the latter first, assiuning the former point to 
I admitted. 

Let na clearly nnderstand the qneBtion. An individual, 
I the course of its life, has some part of the epidermis, or 
, thickened hy mechanical stresses, or some group of 
wlea strengthened by use, or the activity of certain 
min-cells quickened by exercise : how are the special 
modifications of these cells, here, there, or elsewhere la the 
body, communicated to the germ, so that its products are 
aimilarly modified in the offspring? The following are 
some of the hypotheses which have been suggested : — 
(a) Darwin's pangenesis. 

(6) Haeckel's perigenesis ; Spencer's physiological units. 
(() The conversion of germ-plasm into body-plasm, and 
b return to the condition of germ-plasm (Nageli). 
(rf) The unity of the organism, 

(a) Concerning pangenesis, nothing need be added to 
nrhat has already been said. Although, as we have seen, 
B has been adopted with modifications by Professor Brooks ; 
•Ithongh Mr. Francis Gallon, a thinker of rare ability and 
a pioneer in these matters, while contending for continuity, 
admitted a little dose of pangenesis; although De Vriea 
^bas recently renewed the attempt to combine continuity 
ttd a modified pangenesis ; — this hypothesis does not now 
Vueet with any wide acceptance. 

t'6) With the pamphlet in which Professor Haeckel 

IwoQght forward his hypothesis termed tho purigenesis of 

i plastidule, I cannot claim first-hand acquaintance. 

BAccording to Professor Kay Lankester, who gave some 

■kooiint of it in Natv.rc* protoplasm is regarded by Haeckel 

■U consisting of certain organic molecules called plasti- 

•ulcB. These plastidulea are possessed of special undulatory 

Aiorements, or ribrations. They aro liable to have their 

■VoduUtiona affected by every external force, and, once 

* Jnljr 10, ISTti. Bmce reprinteii iu " Tba Ailvunccmout of Sciouco," p. 273. 
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modified, the movement does not return to its pristine 
condition. By assimilation, they continually increase to a 
certain size and then divide, and thus perpetuate in the 
undiilatory movement of successive generations the im- 
pressions or resultants due to the action of eitenud 
agencies on the individual plastidules. On this view, then, 
the form and structure of the organism are due to the 
special mode of vibration of the constituent plastidules. 
This vibration is affected by external forces. The modified 
vibration is transmitted to the plastidules by the germ, 
which, therefore, produce a similarly modified organism. 
As Mr. J. A. Thomson says, "In metaphorical language, 
the molecules remember or persist in the rhythmic dance 
which they have learned." 

Darwin's hypothesis was frankly and simply organic— 
the gemmules are little germs. This of Professor Haeckel 
tries to go deeper, and to explain organic phenomena in 
terms of molecular motion. Mr. Herbert Spencer long ago 
suggested that, just as molecules are built up, through 
polarity, into crystals, so physiological units are built up, 
under the laws of organic growth, into definite and special 
organic forms. Both views involve special units. With 
Mr. Herbert Spencer, their ** polarity *' is the main feature; 
with Professor Haeckel, their " undulatory movements." 
According to Mr. Spencer, ** if the structure of an organism 
is modified by modified function, it will impress some 
corresponding modification on the structures and polarities 
of its units.'' * According to Professor Haeckel, the vibra- 
tions of the plastidules are permanently affected by external 
forces. In either case, an explanation is sought in terms 
of molecular science, or rather, perhaps, on molecular 
analogies. So far good. Such " explanation," if hypo- 
thetical, may be suggestive. It may well be that the pos- 
sibilities of fruitful advance will be found on these lines. 

But though, as general theories, these suggestions mftj 
be valuable, they do not help us much in the comprehel^^" 
sion of our special point. To talk vaguely about "unduli*' 

* Herbert Spei ccr, ♦* Principles of Biology," voL i p. 256. 



r " polarities " doea not enable us to 
■prebend with any de&niteness how this particular modi- 
ion of these particular nerve-cellB is so conveyed to the 
that it shall produce an organism with auatogouB 
re-cells modified in this particular way. 
(c) The hypothesis that the germ-plasm may be eon- 
into body-plasm, which, on its return again to the 
nsdition of germ-plasm, may retain some of the modifi- 
cations it received as hody-plasm, seems to be negatived, 
GO far as most animals are concerned, by the facts of 
embryology and development. The distinction of germ- 
jilaam and body-plasm I hold to be mythical. And there 
ia no evidence that cells specially differentiated along 
certain lines can become undifferentiated again, and then 
contribute to the formation of ova or sperms. From the 
view-point of cell -differentiation, which seems to me the 
meat tenable position, there does not seem any evidence 
for. or any probability of, the oceuiTenco of any roundabout 
mode of development of the germinal cells which could 
enable tbem to pick up acquired characters en route. 

(<l) We come now to the contention that the organism, 
being one and continuous, if any member suffers, the germ 
suffers with it. The organs of the body are not isolated or 
insulated ; the blood is a common medium ; the nerves 
ramify everywhere ; the various parts ore mutually de- 
pendent : may we not, therefore, legitimately suppose that 
long-con tinned modification of structure or faculty would 
BOBt through the organism so completely as eventually to 
modify the germ ? The possibility may fairly be admitted. 
But how is the influence of the body brought to bear on 
the germ? The common medium of the blood, proto- 
plasmic continuity, the iuffuence of the products of chemical 
or organic change, — these are well enough as vague sug- 
gaatiotifl. But how do they produce their effects ? Once 
.ttore, how is this increased power in that biceps muscle 
oarsman able to impress itself upon the sperms or 
Be ova ? No definite answer can be given. 
We are obliged to confess, then, that no definite and 
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satisfactory answer can be given to the ^[aestion — ^How can 
the body affect the germ so that this or that partienlu 
modification of body-cells may be transmitted to the 
offspring ? We may make plausible gnesses, or we may 
say — I know not how the transmission is effected ; bat then 
is the indubitable fact. 

This leads us to the evidence of the fact. 

It must be remembered that no one questions tiifl 
modifiability of the individual. That the epidermis of the 
oarsman's hand is thickened and hardened ; that maseles 
increase by exercise ; that the capacity for thinking may 
be developed by steady application ; — these facts nobody 
doubts. That well-fed fish grow to a larger size than thor 
ill-fed brethren; that if the larger shin-bone (the tibia) 
of a dog be removed, the smaller shin-bone (the fibala) soon 
acquires a size equal to or greater than that of the normal 
tibia ; that if the humerus, or arm-bone, be shifted througb 
accident, a new or false joint will be formed, while the old 
cavity in which the head of the bone normally works, fills 
up and disappears ; that canaries fed on cayenne pepper 
have the colour of the plumage deepened, and bullfinches 
fed on hemp-seed become black ; that the common green 
Amazonian parrot, if fed with the fat of siluroid fishes, 
becomes beautifully variegated with red and yellow ; that 
climate affects the hairiness of mammals ; — these and many 
other reactions of the individual organism in response to 
environing conditions, will be admitted by every one.* 
That constitutional characters of germinal origin are in- 
herited is also universally admitted. The difficulty is to 
produce convincing evidence that what is acquired is really 
inherited, and what is inherited has been really acquired. 

Attempts have been made to furnish such evidence by 
showing that certain mutilations have been inherited. I 
question whether many of these cases will withstand ripd 

♦ Mr. J. A. Thomson has published a most valuable ** Synthetic Summv; 
of the lullutnco of the Environment upon the Organism " (Proceedings Boyal 
PhyBioii>^ical Society, Kdiiiburgh : vol. ix. pt. 3, 1888). The case of ^ 
Amaz ninii pnrrotu was communicated to Darwin by Mr. WaUaoe (** Animal 
and Plants under DomcBtication," vol. ii. p. 269). 



^f Heredity and the Origin of Variations. 163 

xttioiam. Nor do I tliiuk that mutilations are likely to 
ifford the right sort of evidence one way or the other. We 
nUBt look to leBs abnormal infiaences. What we reqnire 
il evidence in favour of or against the snppoBition that 
•wiirioiluiKB of the body-cells ai'e transmitted to the germ- 
nils. Now, these modifications must clearly be of suoh a 
Mtnre as to be receivable by the cells without in any way 
iKtroying their integrity. The destruction or removal of 
tdls is something very different from this. If it were 
proved that mutilations are inherited, this would not 
DWeasarily show that normal cell-modifications are trans- 
nissible. And if the evidence in favour of inherited 
BKtilations breaks down, as I believe it does, this does not 
ihow that more normal modifications such as tbose with 
iriiich we are familiar, aa occurring in the course of indi- 
Tidoal life, are not capable of transmission. I repeat, wo 
fflust not look to mutilations for evidence for or against the 
Mpposition that acquired characters are inherited. We 
nuBtlook to less abnormal influences. 

These readily divide themselves into two classes. The 
iiiBt includes the direct effects on the organism of the 
mvironment— effects, for example, wrought by changes of 
tiimate, alteration of the medium in which the organism 
liieB, and so forth. The second comprises the effects of 
we and disuse— the changes in the organism wrought by 
Uie exercise of function. 

Taking the former first, we have the remarkable case of 
■StUHrntn, which was communicated to Darwin by Moritz 
Vsgner. Mr. Mivart thus summarizes it : "A number of 
papB were bri.mgbt, in 1870, to Switzerland from Texas of 
B species of Sntumiii, widely different from European 

EiB. In May, 1871, the moths developed out of the 
Dfl (which had spent the winter in Switzerland), and 
ibled entirely the Texan species. Their young were 
M on leaves of Juiflans reijia (the Texan form feeding on 
Juglana nigra), and they changed into moths so different, 
not only in colour, but also in form, from their parents, 
that they were reckoned by entomologists as a distinct 
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»peeies." * Professor IGrart also reminds us that Englisl 
OTsurs trazi5p:rtcd lo the Mediterranean are recorded b; 
U . C>sia to have become rapidly like the tme Mediterraneai 
OTster, al:erinz their manner of growth, and formini 
prominen; diverging rays ; that setters bred at Delhi fron 
carefally paired parents had yoong with nostrils mon 
contraete^I. n^ses more poioted, size inferior, and limfat 
more slender than well-bred setters onght to have; and 
that cats at Mombas, on the coast of Africa, have short, 
stiff hair instead of fur, while a cat from Algoa Bay, 
when left only eight weeks at Mombas, nnderwent a com- 
plete meuimorphosis — having parted with its sandj- 
coloared fur. Very remarkable is the case of the brine- 
shrimp Arifmxay as observed and described by Schmanke- 
witsoh. One species of this crustacean, Artemia BoUnOj 
lives in brackish water, while A. milhausenii inhabits water 
which is much Salter. They have always been regarded 
as distinct species, differing in the form of the tail-lobee 
and the character of the spines they bear. And yet, by 
gradually altering the saltness of the water, either of them 
was transformed into the other in the course of a few 
generations. So long as the altered conditions remained 
the same, the change of form was maintained. 

Many naturalists believe that climate has a direct and 
determining effect on colour, and contend or imply that it 
is hereditary. Mr. J. A. Allen correlates a decrease in the 
intensity of colour with a decrease in the humidity of the 
climate. Mr. Charles Dixon, in his "Evolution without 
Natural Selection," says, ** The marsh-tit {Parm palnstn$) 
and its various forms supply us with similar facts [illns- 
trative of the effects of climate on the colours of birds]. 
In warm, pluvial regions we find the brown intensified; 
in dry, sandy districts it is lighter; whilst in Arctic 
regions it is of variable degrees of paleness, until, in the 
rigorous climate of Kamschatka, it is almost white.** Mr 
Dixon does not think that these changes are the result 
natural selection. *' Depend upon it," he says, with soui 

♦ St. George Mivart, " On Truth," p. 378. 




assnranee,* in considering a different case, " it is the ivhitu 
uT Uie ptanaigan (modified by climatic inflaence) that baB 
teat the bird to the snowy wastes and bare mouutain-tops, 
lod riRorcmsly keeps it there ; not the bird that has 
UBomed, by a long process of Datural selection, a white 
drees to conceal itself in such localities." Professor 
Ettnert contends that in the Nile valley the perfectly 
gradoa] transition in the colour of the inhabitants from 
brownish -yellow to black in passing from the Delta to the 
Soudan is particularly conclusive for the direct influence 
[>( climate, for the reason that various races of originally 
various colours dwell there. 

Mr. A. R. Wallace saysj of the island of Celebes 
"that it gives to a large number of species and varieties 
iof Papilionidffl) which inhabit it, (1) an increase of size, and 
l2l a peculiar modification in the form of the wings, which 
stamp upon the most dissimilar insects a mark distinctive 
of their common birthplace." But this similarity may 
Iwply, or at least in part, be due to mimicry. Most 
ioterwting and valuable are the results of Mr. E. B. 
Poulton's experiments on caterpillars and chrysalids-S They 
«!iow that there is a definite colour-relation 'between the 
Mterpillar (e.g. the eyed hawk-moth, Smfrintkus oceUahu) 
*nd its food-plant, adjustable within the limits of a single 
lifs; that the predominant colour of the food-plant is itself 
Uie stimulus which calls up a corresponding larval colour ; 
Ui&t there is also a direct colour-relation between the 
ehrj'Utlids of the small tortoiseshell butterfly {Vanessa 
^Ttka) and the surrounding objects, the pups being dark 
grey, light grey, or golden, according to the nature and 



• Of. oil., p. 47. I TCiitiiro tOBiiy, "with BoinBii«sarnnM,"beciius6Cborle» 
IKmin. nbo liad oIm ooueiciofed thii rootler, ltrite^ "Who will prrttnd 
■ft dwida iiow (or tli« tbick far of Aratio aiiimale, or their «Lite eolmir, U 
iu Id Ibo liirert aniaa of n wiere olimnte, and tiow far lo tlie preceTvuUoii of 
tt« bMi-iicnterW iiiilifidiwlij during • Iouk iuccceaioa of geuemtionii 7 " 
CAntButli luid I'IbdU noder Donraticatian," p. 415). 

1 "Orguiio KTolatJon," Eugliib truiuUtion, p. Hi, 

I ■■ CoDtributUmB lo Nalursil Sole(4iaD," p. 197. 

t Bin«« Uila wm written. Hr. Poullon boa <'e«crib»] tua iMiilti 
JntwMtiDB Tolnme im "The Coloimof AuioiBl*" (g.v.). 
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colour of the surroundings; and that the larvsd of the 
emperor moth {Satumia carpini) spin dark cocoons in dark 
surroundings, but white ones in lighter surroundings. 
These are but samples of the interesting results Mr. 
Poulton has obtained. 

What shall we say of such cases ? Some of them seem 
to indicate the very remarkable and interesting fact that 
changes of salinity of the medium, or changes of food, or 
the more general influence of a special climate, may modify 
organisms in particular and little-related ways. The lame 
of a Texan Satumia fed on a new food-plant develop into 
imagos so modified as to appear new species. Changes of 
salinity of the water modify one species of Artemia into 
another. If these be adaptations, the nature of the 
adaptation is not obvious. If the new character produced 
in this way be of utilitarian value, where the utility comes 
in is not clear. The facts need further confirmation and 
extension, which may lead to very valuable results. Hr. 
Poulton's observations, on the other hand, give us evidence 
of direct adaptation to colour-surroundings. But the effects 
are, in the main, restricted to the individual. What is 
hereditary is the power to assume one of two or three 
tints, that one being determined by the surrounding colour. 
His experiments neither justify a denial nor involve an 
assertion of the transmissibility of environmental in- 
fluence. Secondly, some of the cases above cited seem to 
show clearly that, under changed conditions of life, the 
changes which have been wrought in one generation may 
reappear in the next. But are they inherited ? Is there 
suflBcient evidence to show conclusively that the body-cells 
have been modified, and have handed on the modification 
to the germ? Can we exclude the direct action of the 
more or less saline water, or the products of the unwonted 
food on the germinal cells ? Can we be sure that there is 
really a summation of results — that each generation is not 
affected de novo in a similar manner ? No one questions 
that the individual is modifiable, and that such modifica- 
tion is most readily effected in the early and plastic stages 
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Ht w© may say that the modification of life is in the 

tction of more or of less complete adaptation to simpler 

e complex couditions. "Wbere the ailaptation 

Hrances to more complex conditions, we speak of elabora- 

; where it retrogrades to less complex conditions, we 

( of degeneration; but both fall under the head of 

■(ilation in its more general sense. Viewed as a whole, 

be little doubt that the general tendency of 

poloiion is towards more complete adaptation to more 

pverse and complex euvlrooment. And this tendency is 

Dompauied by a general increase of differentiation and 

|f mtegration ; of differentiation whereby tho constituent 

jlemeiitB of life, whether cells, tissues, organs, organismB, 

' groaps of organisms, become progressively more 

Jized and more different from one another ; of 

■Itgration whereby these elements become progressively 

pore interdependent one on the other. "We may con- 

eniently sum up the tendency towards more perfect 

daptation to more complex circumstances in the word 

the tendency to differentiation in the word 

mAmiuaVitii s and the tendency to integration in the 

■i.a»»ofinixon. 

Nobody now doubts the propositions thus briefly sum- 
irized, and it is therefore unnecessary to bring forward 

] their favour. 
We may pass, then, to the question — How? Evolution 
ning continuity, associated with change, tending in certain 
directions, and accompanied by certain processes, how has 
it been effected ? What are its methods ? 



A'fltitroi Selection. 

Natural selection claims a foremost place. We have 

already devoted a chapter to its consideration. Animals 

Vary; more are born than can survive to procreate their 

Ichid ; hence a sti'uggle for esifitence, in which the weaker 

L tlud less adapted are eliminated, the stronger and better 

' adapted surviving to continue the race. 
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there is a gradual and increasing accommodation of sncces- 
sive generations of organisms to changed conditions which 
remain constant, then snch transmission will be rendered 
probable. I do not know that there are observations of 
this kind of sufficient accnracy*to warrant oar accepting 
this conclusion as definitely proved. 

Attention may here be drawn to a peculiar and remark- 
able mode of influence. If a pure-bred mare have foals b; 
an ill-bred sire, they will be ill-bred. This we can readily 
understand. But if she subsequently have a foal by a 
perfectly well-bred sire, that foal, too, may in some cases 
be tainted by the blemish of the previous sire. So, too, 
with dogs. If a pure-bred bitch once produce a mongrel 
litter, no matter how carefully she be subsequently 
matched, she will have a tendency to give birth to pups 
with a mongrel taint. This subsequent influence of a 
previous sire is a puzzling fact. It may be that some of 
the male germ-nuclei are absorbed, and influence the germ- 
cells of the ovary. But this seems an improbable solution 
of the problem. It is more likely, perhaps, that in the 
close relation of mother and foetus during gestation, each 
influences the other (how it is difficult to say). On this 
view the bitch retains the influence of the mongrel puppies 
— is herself, in fact, partially mongrelized — and therefore 
mongrelizes subsequent litters. It would not be safe, how- 
ever, to base any far-reaching conclusions on so peculiar a 
case, the explanation of which is so difficult. At all events, 
it is impossible to exclude the possibility of direct action oti 
the germ, though the particular nature of the results ^' 
such influence are noteworthy. 

We may pass now to the evidence that has been adduC'^ 
in favour of a cumulative effect in the exercise of functic^^ 
or of the inheritance of the results of use or disuse. He^ 
again, it must be remembered that no one questions t^ 
effects of use and disuse in the individual. What we se^ 
is convincing evidence that such effects are inherited. 

Physiologically, the effects of use or disuse are, in tL 
main, effects on the relative nutrition, and hence on th ' 
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di&rential growth of organs. When an organ is well 
exercised, there is increased nutrition and increased growth 
of tissae, muscular, nervous, glandular, or other. When 
an organ is, so to speak, neglected, there is diminished 
Wood-supply, diminished growth, and diminished functional 
power. The development of a complex activity would 
necessitate a complex adjustment of size and efficiency of 
II parts, involving a nice balance of differential growth de- 
khendent on delicately regulated nutrition. What is the 
^BndcQce that adjusted nutrition can be inherited ? 
wK With regard to man, there is some evidence which bears 
i npon this subject. Mr. Arbuthnot Lane, in his valuable 
papers in the Journal 0/ Anatomy ami Pliifgiiilo(i!/, has shown 
Ihat certain occupations, such as shoemaking, coal-heaving, 
etc., produce recognizable effects upon the skeleton, the 
nuscalor system, and other parts of the organization. And 
he believes * that such effects are inherited, being very 
mnch more marked in the third generation than they were 
in the first. Sir William Turner informed Professor Herd- 
man that, in his opinion, the peculiar habits of a tribe, such 
u tree-cUmbing among the Auatraliaus, or those natives 
of the interior of New Guinea whose houses are built in 
I the upper branches of lofty trees, not only affect each 
eneration individually, but have an intensified action 
lough the influence of heredity, t 
Ur. Francis Galton's results mainly deal with human 
niltj; and though faculty has undoubtedly an organic 
1, 1 do not propose to consider the evidence afforded 
J instinct, intelligence, or intellectual faculties in this 
™*ptM. Mention should, however, be made of the in- 
iag results of his study of twins. Twins are either 
c( the same sex, in which case they are remarkably alike, 
or o( different sexes, in which case they are apt to differ 
*Wn more widely than is usual with brothers and sisters, 
I The former are believed to be developed from one ovum 

it« Journal of Anatomy and Fbyioloiiy, to), iiii. p. 215. 
t S(c Piofeuor Ueidmsu'a Innugunil AddrcM, Liverpool Biologfcol 
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dimiznisun from dtsnse. ue Rdae&xt of sue in parts or 
organs maj be the retsnlt of t2ie alienee or eessation of 
selection* If an organ be sobjicct to seketion, the mean 
fiixe in adnh ercatiir&s win be that of the selected indi- 
Tidoala ; bat if selecti'jn ceases, it vill be the mean of those 
bom. Lei os suppose that nine indiridiials are bom, and 
that the size of some organ xaries in these from 1, the 
most efficient, to 9, the least efficient. The birth>mean will 
therefore be, as shown on the left-hand side of the follow- 
ing table, at the lerel of nmnber 5, four being more 
efficient, and four less efficient. Bat if, of these nine, six be 
eliminated, then the mean of the snrriTals will be as shown 
on the right-hand side of the table : — 

1 
4 

- ElimiDftied indiridiimli. 

'A 

The result, then, of the cessation of selection will be to 
reduce the sorviTal-mean to the birth-mean, and that with- 
out any necessary effect of disuse. But unless this be 
accompanied by a tendency to diminution due to economy 
of growth or some other cause, this cannot produce any 
well-marked or considerable amount of reduction. I very 
much question, for example, whether the cessation of 
selection, even with the co-operation of the principle of 
economy of growth, will adequately account for the reduc- 
tion to nearly one-half its original proportion of the brain 
of the duck. The subject will be more fully discussed, 
however, in the next chapter. 

There is probably but little tendency for disused parts 
to be reduced in size through artificial selection. An 
imbecile duck does not probably taste nicer than one with 
bigger brains. On the other hand, the increase of size in 
organs may presumably, in certain cases, be increased by 
selection. Pigs^ for example, have been selected according 



to their [atteniDg capacity. Those with longer intestines, 
and therefore inereased absorbent surface, may well have 
ui advantage in this respect. Hence, in selecting pigs for 
fattening, breeders may have been unconscionsly selecting 
those with the longest intestines. Of conrse, on this view, 
the longer intestine must be there to be selected, and the 
mcreased length must be due to variation. But this may 
k all-round variation (cause unknown), not variation in 
one direction, the result of increased function. 

Another point that has to be taken into consideration 
is the amount of indicidiud increment or decrement, owing 
to individual use or disuse, apart &om any possible 
SQmmation of results. 

Seeing, then, that it is difficult to estimate the amount 
of purely individual increment or decrement, and that it ia 
diScult, if not impossible, to exclude the disturbing effects 
o( cessation of selection with economy of growth on the 
one hand, reducing the size of organs, and artificial 
selection on the other band, increasing the size or efficiency 
of parts, it is clear that such cases cannot afford convincing 
eridence that the observed variations are the directly 
inlierited results of nse and disuse. Indeed, I am not 
I Mare of any experiments or direct observations on animals 
Klrhtch are individually conclusive in favour of the hereditary 
mmation of functionally produced modifications. 
It may, however, be said — Although no absolutely oon- 
llDoisg experiments or observations are forthcoming {for, 
n the nature of the case, it is almost impossible logically 
> prove that this interpretation of the facts is alone 
stble), still there are cases which are much more readily 
Qllained ou the hypothesis that the effects of use and 
) inherited, than on any other hypothesis. But, 
^ for as Professor Weismann and his followers are con- 
ned, Buoh an argument is wholly beside the question. 
ley are ready to admit that inherited modifications of the 
(dy, if they could be proved, would render the explanation 
\ many results of evolution much easier. It would, no 
Ribt, they say, be easier to account for the shifting of the 
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selection is constantly on the watch to select any modifica- 
tion, however slight, which is of advantage to the species. 
And it is true that elimination is ceaselessly operative. 
But it is equally certain that the advantage mnst be of 
sufficient value to decide the question whether its possessor 
should be eliminated or should escape elimination. If it 
does not reach this value, Natural Selection, watch she 
never so carefully, can make no use of it. Elimination 
need not, however, be to the death ; exclusion from any 
share in continuing the species is sufficient. To breed or 
not to breed, that is the question. Any advantage affect- 
ing this essential life-function will at once catch the eye of 
a vigilant natural selection. But it must be of sufficient 
magnitude for the machinery of natural selection to deal 
with. That machinery is the elimination of a certain 
proportion of the individuals which are bom. Which shall 
be eliminated, and which shall survive, depends entirely on 
the way in which the individuals themselves come out in 
life's competitive examination. The manner in which that 
examination is conducted is often rude and coarse, too rough- 
and-ready to weigh minute and in&nitesimal advantages. 

What must be the value of a favourable or advantageous 
modification to decide the question of elimination, to make 
it an avaiUible advantage, must remain a matter of conjec- 
ture. It will vary with the nature and the pressure of the 
eliminative process. And perhaps it is scarcely too much 
to say that, at present, we have not observational grounds 
on which to base a reliable estimate in a single instance. 
We must not let our conviction of its truth and justice 
blind us to the fact that natural selection is a logical 
inference rather than a matter of direct observation. ^ 
hundred are born, and two survive ; the ninety-eight at® 
eliminated in the struggle for existence ; we may therefor® 
infer that the two escaped elimination in virtue of thei' 
possession of certain advantageous characters. There ^ 
no flaw in the logic that has thus convinced the world th^ 
natural selection is a factor in evolution. But by wh^ 
percentage of elimination-marks the second of the tW 
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the clubbed wbip in the ant-lion and the butterfly ; the 
(aithered form in certain motbs and flies ; the hooked form 
characteristic of the apbinx-moths; the many-leaf form 
a the iamellicom beetles, like the cockchafer ; and the 
festbered plate of other beetles. Etiually wonderful are 
the direree developments of the mouth-organs of insects, 
tbe spiral tnbe of the butterfly or moth, the strong jaws of 
flie great beetles, the lancets of the gniit, the sucking-diso 
of the fly, — all of them special mollifications of the same 
Brt of structures. Then, in tbe same bay, note some of 
Uie striking differences between tbe males and females 
of certain insects. In some there is an extraordinary 
£fference in size {cq, the locust Xiphocem, and tbe moth 
Altaens) ; m others, like tbe stag-beetle, it is the size of 
the jaws that distinguishes the males ; in others, again, 
tiiemost notable differences are in the length, development, 
n complexity of tbe antenna, or feelers ; in some beetles 
^ males have great horns on tbe head or thorax-; while 
, in many butterflies it is in richness of colour that the 
I difference chiefly Ues — the brilliant green of tbe Ornithiipfcra 
i Uiore exhibited contrasting strongly with the sober brown 
" BfbiA larger mate. 

The fact that the special characteristics of the male, 
''licb we have seen to be variable in the ruff, are also 
ttiable among insects, is well exemplified in the case of 
vt stag-beetle, in some males of which the mandibles are 
fc larger than in others. This is shown in Fig. 22, which 
^ copied from tbe series displayed in the British Museum, 
ky the kind permisBion of Professor Flower. 

Crossing the ball to where the vertebrate structures are 
4iiplayed. tbe development of bair, of feathers, of teeth, 
fte modiflcatious of the skull and of legs, wings, and fins 
*tv being fxemplified. Note here and elsewhere the special 
(ptations of structure, of which we may select two 
tples. Tbe first is that seen in the lialistts, or trigger- 
The anterior dorsal fin is reduced to three spines, of 
that which lies in front is a specially modified 
1 of defence, while that which follows it is the ao- 
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Many zoologists believe, or until lately have believed, 
that disuse is itself a factor in the process. Just as the 
well-exercised muscle is strengthened, so is the neglected 
muscle rendered weak and flabby. Until recently it was 
generally held that the effects of such use or disuse are 
inherited. But now Professor Weismann has taught us, 
if not to doubt ourselves, at least to admit that doubt is 
permissible. On the older view, the gradual dwindling of 
unused parts was readily comprehensible. But now, if Pro- 
fessor Weismann is right, we must seek another explanation 
of the facts ; and, in any case, we may be led to recognize 
other factors (than that of disuse alone) in the process. 

Professor Weismann regards panmixia, or free inter- 
crossing, when the preserving influence of natural selection 
is suspended, as the efficient cause of a reduction or de- 
terioration in the organ concerned. And Mr. Romanes 
had, in England, drawn attention to the fact that the 
" cessation of natural selection " would lead to some 
dwindling of the organ concerned, since it was no longer 
kept up to standard. In illustration of his panmixia. Pro- 
fessor Weismann says, "A goose or duck must possess 
strong powers of flight in the natural state, but such 
powers are no longer necessary for obtaining food when it 
is brought into the poultry-yard, so that a rigid selection 
of individuals with well-developed wings at once ceases 
among its descendants. Hence, in the course of genera- 
tions, a deterioration of the organs of flight must neces- 
sarily ensue, and the other members and organs of the 
bird will be sensibly affected." * And, again, ** As at each 
stage of retrogressive transformation individual fluctuations 
always occur, a continued decline from the original degree 
of development will inevitably, although very slowly, take 
place, until the last remnant finally disappears." t Now, 
I think it can be shown that panmixia, or the cessation of 
selection, alone cannot aflfect much reduction. It can only 

♦ Weismann, ** Essays on Heredity," p. 90. 

t Ibid. p. 292. See also a discussion in Nature^ in which Mr. Romanes 
and Professor Ray Lankebter took part, beginning vol. xli. p. 437. 



Organic Evolulwn. igi 

iffwl a reduction from the " surviral-mean " to the " birth- 
meaii." This was referred to iu the chapter on "Heredity 
and the Origin of Variations," but may be again indicated. 
Suppose the number of births among wild ducks be repre- 
sented by the number nine, of which six are eliminated 
tliroQgh imperfections in the organs of Hight. Let us 
place the nine in order of merit in this respect, as is done 
in the table on p. 172. The average wing-power of the 
nine will be found in No. 5, there being four ducks with 
(uperior wing-power (1 — 4), and four with inferior wing- 
IKiwer (6 — 9). The birth-mean will therefore be at the 
level of No. 5, as indicated to the left of the table. But if 
MI docks with the poorest wings be eliminated, only three 
HuniTe. The average wing-power will now be found in 
So. 2, one duck being superior and one inferior to it 
in this respect. It is clear that this survival-mean 
\* at a level of higher excellence than the birth-mean, 
N'ow, when the ducks are placed in a poultry-yard, 
selection in the matter of Bight ceases, and, since all 
nine ducks survive, the survival-mean drops to the birth- 
mean. We may variously estimate this retrogression ; but 
it cannot be a large percentage — I should suppose, in the 
case under consideration, one or two per cent, at moat. 
But Professor Weismann says, "A cnntinued decline from 
the original degree of development must inevitably take 
pUoe." It is not evident why such decline should continue. 
If mriations continue in the same proportion as before, 
the bh-th-mean will be preserved, since there are as many 
positive or favourable variations above the mean as there 
iru negative or unfavourable variations below the mean. 
\ continuous decline must result from a preponderance of 
negative over positive variations, and for this some other 
principle, such as atavism, or reversion to ancestral 
characters, must be called in. But in the case of so long- 
lisbed and stable nn organ as that of flight, fixed 
id rendered constant through so many generations, it is 
Uy probable that reversion would be an important 
Mr. Galton has calculated that among human- 
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folk the ofifspring inherits one-fourth from each parent, 
one-sixteenth &om each grandparent, leaving one-fonrth 
to be contributed by more remote ancestors. There is no 
doubt, however, that among domesticated animals rever- 
sion occurs to characters which have been lost for many 
generations. But we should probably have to go a very 
long way back in the ancestry of wild ducks for any marked 
diminution in wing-power. It must be remembered that, 
in the case of the artificial selection of domesticated 
animals, man has been working against and not with the 
stream of ancestral tendency. Reversion in their case is 
towards a standard which was long maintained and had 
become normal before man's interference. Beversion in 
domesticated ducks should therefore be towards the greater 
wing-power of their normal ancestry before domestication, 
not in the direction of lessened wing-power and diminished 
wing-structure. The whole question of reversion is full of 
interest, and needs further investigation. 

In the dwindling of disused structures, Mr. Bomanes 
has suggested ** failure of heredity '* as an efficient cause. 
I find it difficult," however, to distinguish this failure of 
heredity from the effects of disuse. To what other cause 
is the failure of heredity due? If natural selection has 
intervened to hasten this failure, this can only be because 
the failure is advantageous, since it permits the growth-force 
to be applied more advantageously elsewhere. And this 
involves a different principle. Even so it is difficult to 
exclude the possibility (to put it no stronger) that the 
diversion of growth-force from a less useful to a more 
useful organ is in part due to the use of the one and the 
disuse of the other. But of disuse Mr. Bomanes says, 
** There is the gravest possible doubt lying against the 
supposition that any really inherited decrease is due to 
the inherited effects of disuse." We may fairly ask Mr. 
Bomanes, therefore, to explain to what cause the failure of 
heredity is due. In any case. Professor Weismann and 
his school are not likely to accept this failure of heredity 
as an efficient factor in the process. Nor is Professor 



^^HFeiamuiii likely to fall back upon any innate tendency to 
^^■kgeneration. Unless, therefore, Bome canse be shown 
^^Hij the negative rariatious should be prepotent over the 
^Bfoaitive yariations, we must, I think, ailow that nnaided 
!ry panmixia cannot affect auy great amount of reduction, 

in tliis connection we may notice Profeasor Weismann's ' 
newer view of the introduction of bodily mortality. He 
8SJ9, " The problem is very easily solved if we seek 
isflistance from the principle of panmisia. As soon as 
Lustural selection ceases to operate upon any character, 
raeturftl or functional, it beginfi to disappear. As soon, 
■erefore, as the immortality of somatic [body-] cells became 
Beless, they would begin to lose this attribute." " Even 
uiting that panmixia could continuously redace the size 
KdnekB' wings, it is not easy to see how it could get rid of 
Kmortality. The essence of the idea of panmixia is that, 
riien the natural selection whicb has raised an organ te 
■ high functional level, and sustains it there, ceases or is 
upended, the organ drops hack from its high level. But 
Professor Weismann's hypothesis, immortality has 
■ither been produced nor is it sustained by natural selec- 
tion. How, therefore, the cessation of selection can cause 
tite disappearance of immortality — a character with which 
natural selection has had nothing whatever to do — Pro- 
fessor Weismann does not explain. He seems to be using 
"panmixia" in the same vague way tbat, in his previous 
explanation, he used "natural selection." 

If panmixia alone cannot, to any very large extent, 
reidaee an organ no longer anstainod by natural selection, 
to what efficient cause are we to look ? Mr. Romanes has 
drswn attention to the reversal of selection as distinguished 
from its mere cessation. When an organ is being improved 
or sustained by selection, elimination weeds out all those 
which have the organ in an ill-developed form. Under a 
reversal of selection, elimination will weed out all those 
, yliicb possesB the organ well developed. In burrowing 
B eyes may have been reduced in size, or even 
* Wfciamaiui. " Fsauy on UoreditT." p. 140. 
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buried beneath the skin, through a reversal of selection 
The tuco-tuco {Ctenomys), a burrowing rodent of Soutl 
America, is frequently blind. One which Darwin kep 
alive was in this condition, the immediate cause bein^ 
inflammation of the nictitating membrane. ^' As frequent 
inflammation of the eyes," says Darwin, ''mast be in- 
juriouB to any animal, and as eyes are certainly noJ 
necessary to animals having subterranean habits, a redac- 
tion in their size, with the adhesion of the eyelids and 
growth of fur over them, might in such cases be an 
advantage ; and, if so, natural selection would aid the effect 
of disuse.* Granting that the inflammation of the eyes is 
a sufficient disadvantage to lead to elimination, such cases 
may be assigned to the effects of a reversal of selection.'' 

Perhaps the best instances of the reversal of selection 
are to be found in the insects of wind-swept islands, in 
which, as we have already seen (p. 81), the power of flight 
has been gradually reduced or even done away with. 
Such instances are, however, exceptional. And one can 
hardly suppose that such reversal of selection can be very 
far-reaching in its effects, at least, through any direct 
disadvantage from the presence of the organ. One can 
hardly suppose that the presence of an eye in a cave- 
dwelling fisht could be of such direct disadvantage as to 
lead to the elimination of those members which still possess 
this structure. 

But may it not be of indirect disadvantage ? May not 
this structure be absorbing nutriment which would be more 
advantageously utilized elsewhere ? This is Darwin's 
principle of economy. Granting its occurrence, is it effec- 
tive ? We may put the matter in this way : The Crustacea 
which have been swept into a dark cave may be divided 
into three classes so far as fortuitous variations of eyes 

* ** Origin of Species," p. 110. 

t With regard to blind cave-fish, Professor Ray Lankester has suggested 
that some Belcction lias been effected. Those animals whose sight-sensitiTe- 
uess enabled them to detect a glimmer of light would escape to the exterior, 
leaving those witli oungenitally weak sight to remain and procreate in the 
darkness of the cave. 
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uii antennie are concerned. Pkst, those which preserve 
I e^es and anteniue in the original abBoInte and relative 
Mrtion and value; aocondly, those in which, while the 
I remain the same, the antennie are longer and more 
nsitive; thirdlj, those in which, while the antenns are 
■ger ftud more sensitive, the eyes are reduced in size and 
oration. According to the principle of economy, the 
1 class have sulBcient advantage over the first and 
I Kcond to enable them to survive and escape the ehmina- 
tion which removes those with fully developed eyes. It 
Imv be so. "We cannot estimate the available advantage 
1 sufficient accuracy to deny it. But we may fairly 
B that, in general, it is only where the useless organ 
■ ^estiou is of relatively large size, and where nutriment 
' i( de&cient, that economy of growth is an important factor. 
We may hero note the case of the hermit crab as one 
thjcb exemplifies degeneration through the reversal of 
utuml selection. This animal, as is well known, adopts 
Ml empty whelk-shell or other gasteropod shell as its own. 
The binder part of the body which is thus thrust into the 
ahell loses its protective armour, and is quite soft. Pro- 
fesior Weismaun seems to regard this loss of the hardened 
taticle as due entirely to panmixia. If what has been 
ugrd above has weight, this explanation cannot be correct. 
So iiDount of promiscuous interbreeding of crabs could 
'educe tho cuticle to a level indefinitely below that of any 
o[ tiie interbreeding individuals. But it is clear that an 
itmour-sheathed "tail" would he exceedingly ill adapted 
to thniBting into a whelk-shell. Hence there would, by 
Bltnral selection, be an adaptation to new needs, involving 
not the higher development of cuticle, but the reverse. 80 
lu ta. the cuticle is concerned, it is a case of reversed 
'deetion. Whether this reversal alone will adequately 
Weoant for the facts is another matter. 

Mr, Herbert Spencer baa made a number of observa- 
tunu and measurements of the jaws of pet dogs, which lead 
lun to conclude that there has been a reduction in size 
Ud muscular power due to disuse. The creatures being 
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fed on sops, have no need to use to any large extent the 
jaw-muscles. In this case, he argues, the principle of 
economy is not likely to be operative, since the pampered 
pet habitually overeats, and has therefore abundant nutri- 
ment and to spare to keep up the jaws. It is possible, 
however, that artificial selection has here been a factor. 
There may have been a competition among the old ladies 
who keep such pets to secure the dear little dog that never 
bites, while the nasty little wretch that does occasionally 
use his jaws for illegitimate purposes may have been 
speedily eliminated. Pet dogs are, moreover, a pampered, 
degenerate, and for the most part unhealthy race, often 
deteriorated by continued in-breeding, so that we must not 
build too much on Mr. Spencer's observations, interesting 
as they undoubtedly are. 

There is one feature about the reduction of organs 
which must not be lost sight of. They are very apt la 
persist for a long time as remnants or vestiges. The 
pineal gland is the vestigial remnant of a structure con- 
nected with the primitive, median, or pineal eye. The 
whalebone whales and the duck-bill platypus have teeth 
which never cut the gum and are of no functional value. 
With regard to these, it may be asked — If disuse leads to 
the reduction of unused structures, how comes it that 
it has not altogether swept away these quite valueless 
structures ? In considering this point, we must notice the 
unfortunate and misleading way in which disuse is spoken 
of as if it were a positive determinant, instead of the mere 
absence of free and full and healthy exercise. Few will 
question the fact that in the individual, if an organ is to 
be kept up to its full standard of perfection, it must be 
healthily and moderately exercised ; and that, if not so 
exercised, it will not only cease to increase in size, but will 
tend to degenerate. The healthy, functionally valuable 
tissue passes into the condition of degenerate, comparatively 
useless tissue. Now, those who hold that the inheritance 
of functional modifications is still a tenable hypothesis, 
carry on into the history of the race that which they find 
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to hold good in the history of the individual. They believe 
that, in the race, the continued functional activity of an 
«gan is ni^cesBary for the maintenance of the integrity 
and perfection of its strtictiire, and that, if not bo exereised, 
Ihfi organ will inevitably tend to dwindle to embryonic 
{^portions and to degenerate. The healthy, functionally 
v&ia&bte tissue passes at last into the condition of 
Jfgunerate, comparatively useless tisBue. The force of 
heredity will long lead to the production in the embryo 
of the structure which, in the ancestral days of healthy 
euTcise, was to be of service to the organism. At this 
■tage of life the conditions have not changed. The 
degeneration sets in at that period when the ancestral use 
i» persistently denied. There is no reason why " disuse " 
sbonld in all cases remove all n^mnants of a structure ; 
hot if the presence of the degenerate tissue is a source of 
danger to the organism which jKisiiesscs it, that organism 
«i!l be eliminated, and those (1) which possess it in an 
mert, harmless form, or (2) in which it is absent, will 
tnrrive. Thus natural selection (which will fall under Mr. 
Romanes's reversed selection) will step in — will in some 
nwB reduce the organ to a harmless and degenerate 

IilDcnt, and in others remove the last vestiges of the 
Ob the whole, even taking into consideration the effects 
(■(panmixia, of reversed selection, and of the principle of 
Konumy. the reduction of organs is difficult to explain, 
BnloM we call into play " disuse " as a co-operating factor. 

^Ht ia 

^l^mary sexual differences in animals, there are certain 
HKndary characters by which the males, or occasionally 
■fee fumales, are conspicuous. The antlers of stags, the 
tail of the peacock, the splendid plumes of the male bird of 
tdise, the horns or pouches of lizards, the bnlhant 
1 crest of the newt, the gay colours of male sticklc- 
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backs, the metallic hues of male butterflies, and the large 
horns or antennae of other insects, — these and many other 
examples which will at once occur to the reader are 
illustrations of the fact. 

As a contribution towards the explanation of this order 
of phenomena, Darwin brought forward his hypothesis of 
sexual selection, of which there are two modes. In the 
first place, the males struggle together for their mates ; in 
this struggle the weakest are eliminated ; those possessed 
of the most efficient weapons of offence and defence escape 
elimination. In the second place, the females are repre- 
sented as exercising individual choice, and selecting (in 
the true sense of the word) those mates whose bright 
colours, clear voices, or general strength and vigour render 
them most pleasing and attractive. For this mode I shall 
employ the term ** preferential mating." Combining these 
two in his summary, Darwin says, "It has been shown 
that the largest number of vigorous offspring will be reared 
from the pairing of the strongest and best-formed males, 
victorious in contests over other males, with the most 
vigorous and best-nourished females, which are the first 
to breed in the spring. If such females select the more 
attractive and, at the same time, vigorous males, they will 
rear a larger number of offspring than the retarded females, 
which must pair with the less vigorous and less attractive 
males. So it will be if the more vigorous males select 
the more attractive and, at the same time, healthy and 
vigorous females ; and this will especially hold good if the 
male defends the female, and aids in providing food for 
the young. The advantage thus gained by the more 
vigorous pairs in rearing a larger number of offspring has 
apparently sufficed to render sexual selection efficient."* 

With regard to the first of the two modes, little need 
be said. There can be no question that there are both 
elimination by battle and elimination by competition in 
the struggle for mates. It is well known that the emperor 
moth discovers his mate by his keen sense of smell residing 

♦ DarwiD, " Dcsocnt of Man," pt. ii. ohap. viii. 
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^ly in the large, branching antennte. There can 

Sttle don^t that, if an individual is deficient in tbiti 

IB, or misinterprets the direction in which the virgin 

rie lies, he will be onsuccessful in the competitioD for 

he nill be eliminated from procreation. And it is 

iliar observation of the poultrj-jard that the law of 

|le soon determines which amoii<^ the cock birds shall 

Kftte their kind. The law of battle for mates is, in- 

l,an established fact among many animals, especially 

) which are polygamous, and the elimination of the 

% in this respect is a logical necessity. 

b is when we come to the second of the two' modes, 

Bwhich involves selection proper, that we find differences 

^nion among naturahets. 

p&rwin, as we have seen, suggested that those secondary 

J characters which can be of no value in aiding their 

r to escape elimination by combat result from the 

rential choice of the female, the female herself remain- 

komparatively unaffected. But Mr. Wallace made an 

Jingly valuable suggestion with regard to these com- 

Mively dall colours of the female. He pointed out that 

nicnousQesB (unless, as we have seen, accompanied by 

I protective character, such as a sting or a bitter taste) 

1 the risk of elimination by enemies. Now, the 

I, since they are generally the stronger, more active, 

more pDgnacious, could better afFord to run this risk 

\ their mates. They could to some extent take care 

lemselvCB. Moreover, when impregnation was once 

, the male's business in procreation was over. Not 

\ female; she had to bear the young or to lay the 

I often to foster or nourish her offspring. Not only 

Tier risks greater, but they extended over a far longer 

1 of time. Hence, according to Mr. Wallace, the dnll 

lof the females, as compared with those of the males, 

{due to natural selection eliminating the conspicuous 

lea in far greater proportion than the gaudy males. 

Siere is clearly no reason why this view should not be 

Bed with Darwin's ; preferential mating being one 
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factor, natural elimination being another factor; both 
being operative at the same time, and each contribating to 
that marked differentiation of male and female which we 
find to prevail in certain classes of the animal kingdom. 

But Mr. Wallace vnll not accept this compromise. He 
rejects preferential mating altogether, or, in any case, 
denies that through its agency secondary sexual characters 
have been developed. He admits, of course, the striking 
and beautiful nature of some of these characters; he 
admits that the male in courtship takes elaborate pains to 
display all his finery before his would-be mate ; he admits 
that the " female birds may be charmed or excited by the 
fine display of plumage by the males ; '* but he condudes 
that "there is no proof whatever that slight differences in 
that display have any effect in determining their choice of 
a partner.*** 

How, then, does Mr. Wallace himself suppose that 
these secondary sexual characters have arisen? His 
answer is that '' ornament is the natural outcome and 
direct product of superabundant health and vigour,*' and 
is '' due to the general laws of growth and development/'! 
At which one rubs one's eyes and looks to the title-page to 
see that Mr. Wallace's name is really there, and not that 
of Professor Mivart or the Duke of Argyll. For, if the 
plumage of the argus pheasant and the bird of paradise 
is due to the general laws of growth and development, 
why not the whole animal ? If Darwin's sexual selection 
is to be thus superseded, why not Messrs. Darwin and 
Wallace's natural selection ? 

Must we not confess that Mr. Wallace, for whose genins 
I have the profoundest admiration, has here allowed him- 
self to confound together the question of origin and the 
question of guidance or direction? Natural selection by 
elimination and sexual selection through preferential 

* ** Darwinism," chap. x. 

t " Darwinism," p. 295. Messrs. Geddes and Thomson, ** The Evolution 
of Sex," p. 28, also contend that '* combative energy and sexual beauty rise 
•pari passu with male katabolidm." 
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ing are, suppoeiiig them to be i-era cav»ie, guiding or 
ig agencies. Given the variations, however caused, 
agencies will deal with them, eliminating some, 
Ig otberB, with the ultimate result that those 
iciaJl; fitted for their place in nature will survive, 
Btlier the one nor the other deals with the origin of 
" itiona. That is a wholly different matter, and con- 
stitutes the leading biological problem of our day. Mr. 
Wallace's suggestion is one which coneema the origin of 
variations, and as such is worthy of careful consideration. 
It does not touch the question of their guidance into certain 
channels or the maintenance of specitic standards. Con- 
cerning this Mr. Wallace is silent or confesses ignorance. 
"Wby, in allied species," he says, "the development of 
accessory plumes has taken different forms, we are unable 
to say. except that it may be due to that individual 
tariftbility which has served as the starting-point for so 
I muoh of what seems to us strange in form or fantastic in 
I colour, both in the animal and vegetable world."* It is 
clear, however, that "individual variability" cannot be 
I regnrded as a vira ctima of the maintenanoe of a specific 
standard — a standard maintained in gpiU: of variability. 

The only directive agency (apart fi'om that of natural 
wlection) to which Mr, Wallace can point is tiiat suggested 
byllr, Alfred Tylor, in an interesting, if somewhat fanciful, 
IwstLumous work on "Coloration in Animals and Plants," 
"namely, that diversified coloration follows the cjiief lines 
of structure, and changes at points, such as the joints, 
*We function changes." But even if we admit that 
coloration -bands or spots originate at such points or 
along such lines — and the physiological rationale is not 
tliogether obvious^ — even if we admit that in butterflies the 
*l>ols and bands usually have reference to the form of the 
^'Qg aud the arrangement of the nervures, and that in 
Eighty coloured birds the crown uf the head, the throat, 
t!i« ear-coverts, and the eyes have usually distinct tints, 
it'll it can hardly be uiaiutained that this affords us any 
* " DAcnmiioi," p, 201 
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adequate explanation of the specific colour-tints of 
humming-birds, or the pheasants, or the Papilionida 
among butterflies. If, as Mr. Wallace argues, the immense 
tufts of golden plumage in the bird of paradise owe their 
origin to the fact that they are attached just above the 
point where the arteries and nerves for the supply of the 
pectoral muscles leave the interior of the body, are there 
no other birds in which similar arteries and nerves are 
found in a similar position ? Why have these no similar 
tufts ? And why, in the birds of paradise themselves, does 
it require four years (for it takes so long for the feathers 
of the male to come to maturity) ere these nervous and 
arterial influences take effect upon the plumage ? Finally, 
one would inquire how the colour is determined and held 
constant in each species. The diflSculty of the Tylor- 
Wallace view, even as a matter of origin, is especially great 
in those numerous cases in which the colour is determined 
by delicate lines, thin plates, or thin films of air or fluid.* 
Under natural selection, as we have seen, the develop- 
ment of colour is fostered under certain conditions. The 
colour is either protective, rendering the organism incon- 
spicuous amid its normal surroundings, or it is of warning 
value, advertising the organism as inedible or dangerous, 
or, in the form of recognition-marks, it is of service in 
enabling the members of a species to recognize each other. 
Now, in the case of both warning colour and recognition- 
marks, their efficacy depends upon the perceptual powers 
of animals. Unless there be a rapidly acquired and close 
association of the quality we call nastiness with the quality 
we call gaudiness (though, for the animal, there is no such 
isolation of these qualities as is implied in our words!), 
such that the sight of the gaudy insect suggests that it 
will be unpleasant to eat, the gaudiness will be of no avail. 
And if there is any truth in the doctrine of mimicry, the 
association is particular. It is not merely that bright 

• Mr. Poulton, who takes a similar line of argument in his ** Colonn of 
Animals,** lays special stress upon the production of white (see p. S26). 
t See Chapter VIII. 



Organic Evolution. 



203 



colours are RuggesiiTe of a nasty taste. The iusect-eating 
birds associate nastiness especially with certain markings 
and coloration — "the tawny Danai»,ihe barred Ildironias, 
tbe blue-black Etiphens, and the fibrous Aeneas,-" and 
this is proved by the fact that sweet insects mimicking 
Uieati particular forms are thereby protecttid. 

So, too, with recognition- marks. If the bird or the 
mammal have not sufficient perceptive powers to distinguish 
between the often not very different recognition-marks, of 
vfhat service can they be ? 

Recognition-marks and mimicry seem, therefore, to show 
that in the former case many auimale. and in the latter 
the insect-eating hii'ds, mammals, lizards, and other 
Uutnols concerned, have considerable powers of perception 
uid association. 

Among other associations are those which are at the 
bafk) of what I have termed preferential mating. We must 
remember how deeply ingrained in the animal natui'e is 
tbe mating instinct. IVe. may find it difficult to distinguish 
closely allied species. But the individuals of that species 
are led to mate together by an impelhng instinct that is so 
Well known as to elicit no surprise. Instinct though it be, 
however, the mating individuals must recognize each other 
'o Bome way. The impulse that draws them together must 
act through perceptual agency. It is not sitrprising, there- 
fore, to find, when we come to the higher animals, that, 
It upon this basis, there are well-marked mating pre- 
reuces. And this, as we have before pointed out, follow- 
ig Wallace, is an efficient factor in segregation. Let us, 
rever, hear Mr. Wallace himself in the matter. 
There is, he says,* " a very powerful cause of isolation 
the mental nature — the likes and dislikes — of animals; 
*^tiii to tliis is probahly due the fact of the rarity of hybrids 
^*l ft state of nature. The differently coloured herds of 
^^pttle in the Falkland Islands, each of which keeps 
^^ppante, have been already mentioned. Similar facts 
^^Hcnr, bowover, among our domestic animals, and are 
^^H " DuwinutD," [I. 172. 
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well known to breeders. Professor Low, one of the greatest 
authorities on our domesticated animals, says, * The female 
of the dog, when not under restraint, makes selection of 
her mate, the mastiff selecting the mastiff, the terrier the 
terrier, and so on.' And again, * The merino sheep and 
the heath sheep of Scotland, if two flocks are mixed together, 
each will breed with its own variety.' Mr. Darwin has 
collected many facts illustrating this point.* One of the 
chief pigeon-fanciers in England informed him that, if 
free to choose, each breed would prefer pairing with its 
own kind. Among the wild horses in Paraguay those of 
the same colour and size associate together; while in 
Circassia there are three races of horses which have 
received special names, and which, when living a free life, 
almost always refuse to mingle and cross, and will eyen 
attack one another. In one of the Faroe Islands, not 
more than half a mile in diameter, the half-wild native 
black sheep do not readily mix with imported white sheep. 
In the Forest of Dean and in the New Forest the dark 
and pale coloured herds of fallow deer have never been 
known to mingle ; and even the curious ancon sheep, of 
quite modern origin, have been observed to keep together, 
separating themselves from the rest of the flock when put 
into enclosures with other sheep. The same rule applies 
to birds, for Darwin was informed by the Eev. W. D. Fox 
that his flocks of white and Chinese geese kept distinct. 
This constant preference of animals for their like, even 
in the case of slightly different varieties of the same 
species, is evidently a fact of great importance in con- 
sidering the origin of species by natural selection, since i* 
shows us that, so soon as a slight differentiation of form o^ 
colour has been effected, isolation will at once arise by th^ 
selective association of the animals themselves." 

Mr. Wallace thus allows, nay, he lays no little stress 
on, preferential mating, and his name is associated witb 
the hypothesis of recognition-marks. But he denies tha»t 
preferential mating, acting on recognition-marks, has had 

* See ** Animals and Plants under Domestication,*' vol, 11. p. 80. 
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:elTectin furthering a differentiation of form or colour. 
tdmita that so boou as a slight differentiation of form 
olour has been effected, segregation will arise by the 
tire association of the animals themselves; bat he 

not admit that such selective association can carry 
differentiation further. 

Now, it is clear that mating preferences must be either 
1 or variable. If fixed, how can differentiation occur 

3 Bame Hock or herd? And how can selective asso- 
ion be a means of isolation? Or. granting that dif- 
Dtiation has occurred, if the mating preferences are 
I stereotyped, all farther differentiation, so far as colour 

form are concerned, will be rendered impossible ; for 
Irgent modificsitions, not meeting the stereotyped 
dard of taate, will for that reason fail to be perpetuated, 

ntost admit, then, that thene mating preferences are 
ect to variation. And now we come to the centra) 
ition with regard to sexual selection by means of 

rential mating. What guides the variation along 
1 lines leading to heightened beauty ? This, I take 

I the heart and centre of Mr. Wallace's criticism of 
win's hypothesis. Sexua! selection of preferential 
; involves a standard of taste ; that standard has 
■need from what we consider a lower to what we con- 
ra higher a?sthetic level, not along one line, but along 

y lines. Wliat has guided it along these lines ? 

Hot as in any sense affording a direct answer to this 

m, but for illustrative purposes, we may here draw 

ation to what seems to be a somewhat parallel case, 

ttly, the development of flowers through insect agency. 

A " Origin of Species," Darwin contended that flowers 

been rendered conspicuous and beautiful in order to 
bet insects, adding, " Hence we may conclude that, if 
Bts had not been developed on the earth, our plants 

1 not bttve been decked with beautiful flowers, but 

1 haye produced only such poor flowers as we see on 
St. oak, nut, and ash trees, on grasses, docks, and 
Its, which are all fertilized through the agency of the 
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wind." " The argument in favour of this riew," says Mr. 
Wallace,* who quotes this passage, "is now much stronger 
than when Mr. Darwin wrote ; " and he cites with approval 
the following passage from Mr. Grant Allen's " Colour- 
Sense : " " While man has only tilled a few level plains, a 
few great river- valleys, a few peninsular mountain slopes, 
leaving the vast mass of earth untouched by his hand, the 
insect has spread himself over every land in a thousand 
shapes, and has made the whole flowering creation sub- 
servient to his daily wants. His buttercup, his dandelion, 
and his meadowsweet grow thick in every English field. 
His thyme clothes the hillside ; his heather purples the 
bleak grey moorland. High up among the Alpine heights 
his gentian spreads its lakes of blue ; amid the snows of 
the Himalayas his rhododendrons gleam with crimson light. 
Even the wayside pond yields him the white crowfoot and 
the arrowhead, while the broad expanses of Brazilian 
streams are beautified by his gorgeous water-lilies. The 
insect has thus turned the whole surface of the earth into 
a boundless flower-garden, which supplies him from year 
to year with pollen or honey, and itself in turn gains 
perpetuation by the baits that it offers to his allurement."! 
Mr. Grant Allen is perfectly correct in stating that the 
insect has produced all this beauty. It is the result of 
insect choice, a genuine case of selection as contrasted with 
elimination. And when we ask in this case, as we asked 
in the case of the beautiful colours and forms of animals, 
what has guided their evolution along lines which lead to 
such rare beauty, we are given by Mr. Wallace himself the 
answer, ** The preferential choice of insects." If these 
insects have been able to produce through preferential 
selection all this wealth of floral beauty (not, indeed, for the 
sake of the beauty, but incidentally in the practical business 
of their life), there would seem to be no a priori reason why 
the same class and birds and mammals should not have 
been able to produce, through preferential selection, all the 
wealth of animal beauty. 

* " Darwinism," p. 332. f " The Colour-Sense," by Grant AUen, p. .95. 



n It slinald be noted thai tlie answer to the questiou is in 
I eich case a manifestly incomplete one. For if we say that 
tUtse forms of beauty, Soral and animal, have been selected 
ihroogh animal preferences, there still remains behind the 
question' — How and why have the preferences taken these 
ttthrtir lines ? To which I do not see my way to a satis- 
factory answer, though some suggestions in the matter will 
he made in a futore eliapter,* At present all we can say is 
this — to be conspicuous was advantageous, since it furthered 
tiie mating of flowers and animals. To be diversely con- . 
ipicnous vras also advantageous. As Mr. Wallace says, 
" It is probably to assist the insects in keeping to one 
; flower at a time, wliicli is of vital importance to the per- 
I petnation of the species, that the flowers which bloom 
mtermingled at the same season are usually very distinct, 
both in form and colour." f But conspicuousneas is not 
beauty. And the questioa still remains — From what source 
comes this tendency to beauty ? 

Leaving this question on one side, we may state the 
trgament in favour of sexual selection in the following 
fonn : The generally admitted doctrine of mimicry involves 
the belief that birds and other insect-eating animals have 
ioate and particular perceptual powers. The fjenerally 
Ived doctrine of the origin of flowers involves the belief 
tt their diverse forma and markings result from the 
llectire choice of insects. There are a number of colour 
tnd form peculiarities in animals that cannot be explained 
bj natural selection through elimination. There is some 
tridence in favour of preferential mating or selective asso- 
ciition. It is, therefore, permissible to hold, as a pro- 
risional hypothesis, that just as the diverse forms of flowers 
resnlt from the preferential choice of insects, so do tlie 
diverse secondary sexual characters of animals result, in 
put at least, from the preferential choice of animals through 
"elective mating. 

II this be admitted, then the elaborate display of their 
finery by male birds, which Mr. Wallace does admit, may 
* Thil DD "Tile Emotionflof Aninmla" (S.). t '■ DnrwinJaiii," p, 318. 
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fairly be held to have a value which he does not admit. 
For if preferential mating is a priori probable, sach display 
may be regarded as the oatcome of this mode of selection. 
At the same time, it may be freely admitted that more 
observations are required. In a recent paper, " On Sexual 
Selection in Spiders of the Family -4 ifwte," * by George W. 
and Elizabeth 6. Peckham, a full, not to say elaborate, 
description is given of the courtship, as they regard it, of 
spiders. The ** love-dances " and the display of special 
adornments are described in detail. And the observers, 
as the result, be it remembered, of long and patient investi- 
gation and systematic study, come to the conclusion that 
female spiders exercise selective choice in their mates. 
And courtship must be a serious matter for spiders, for if 
they fail to please, they run a very serious risk of being 
eaten by the object of their attentions. Some years ago I 
watched, on the Cape Flats, near Capetown, the courtship 
of a large spider (I do not know the species). In this case 
the antics were strange, and, to me, amusing ; but they 
seemed to have no effect on the female spider, who merely 
watched him. Once or twice she darted forward towards 
him, but he, not liking, perhaps, the gleam in her eyes, 
retreated hastily. Eventually she seemed to chase him off 
the field. 

We must remember how diflBcult it is to obtain really 
satisfactory evidence of mating preferences in animals. Id 
most cases we must watch the animals undisturbed, and 
very rarely can we have an opportunity of determining 
whether one particular female selects her mate out of her 
various suitors. We watch the courtship in this, that, or 
the other case. In some we see that it is successful; in 
others that it is unsuccessful. How can we be sure that 
in the one case it was through fully attaining, in the other 
through failing to reach, the standard of taste ? And yet 
it is evidence of this sort that Mr. Wallace demands. After 
noting the rejection by the hen of male birds which had 
lost their ornamental plumage, he says, " Such cases do 

♦ Natural IliBtory Society of Wisconsin, yoI. i. (1889). 



mt BDiiport the idea that males 'with the tail-featbera a 
trifle longer, or the coIoqi-s a trifle brighter, are generally 
jiifcfetred, and that those which are only a little inferior are 
M generally rejected, — and this is what is alieolutely needed 
to establish the theory of the development of these plumes 
hy means of the choice of the female." * If Mr. Wallace 
reqnireH direct observational evidence of this kind, I do not 
BuppoBc he is likely to get any large body of it. Bnt one 
night fairly ask him what body of direct observational 
priilenee he has of natural selection. The fact is tljat 
direct observational evidence is, from the uaiure of the 
procesfies involved, almost impossiblo to produce in either 
«Me. Natural selection is an explanation of organic 
pheuomena reached by a process of logical inference and 
jpslified by its results. It is not claimed for the hypo- 
tliesis of selective mating that it has a higher order of 
validity. 



IJ^e and DUiisc. 
Ae we have already seen, biologists are divided into two 
Mhoob, one of which maintains that the effects of use and 
'lisuee t have been a potent factor in organic evolution ; 
'lie other, that the effects of nse and disuse are restricted to 
the individual. My own opinion is that we have not a 
wfflcient body of carefally sifted evidence to enable us to 
doginfttize on the subject, one way or the other. But, the 
F'itiou of strict equilibrium being an exceedingly difficult 
Mil some would have us beheve an undesirable attitude 
«f mind. I may add that I lean to the view that use and 
diKusf, if persistent and long-continued, take effect, not 
'Dlyon the individual, but also on the epecioa. 

It is ecarcely necessary to give examples of the kind of 
chnge which, according to the Lamarckian school, are 
*Toiight by use and disuae. Any organ persistently used 
*ill bave a tendency, on this view, to become in successive 

• ••DafHiniBin,"p; 28(j. 

t On Ike negative climacter of diauBe, «oe p. 136. 
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generations more and more adapted to its functional work. 
To give but one example. It is well known that certain 
hoofed creatures are divisible into two groups — first, those 
which, like the horse, have in each limb one large and 
strong) digit armed with a solid hoof ; and, secondly, those 
which, like the ox, have in each limb two large digits, so 
that the hoof is cloven or split. It is also well known that 
the ancestral forms from which both horse-group and ox- 
group are derived were possessed of five digits to each 
limb. Professor Cope regards the differentiation of these 
two groups as the result of the different modes of use 
necessitated by different modes of life. " The mechanical 
effect," he says, " of walking in the mud is to spread the 
toes equally on opposite sides of the middle line. This 
would encourage the equal development of the digits on 
each side of the middle line, as in the cloven-footed types. 
In progression on hard ground the longest toe (the third) 
will receive the greatest amount of shock from contact with 
the earth.*' * Hence the solid-hoofed types. Here, then, 
the middle digit in the horse-group, or two digits in the ox- 
group, having the main burden to bear, increase through 
persistent use, while the other digits dwindle through dis- 

use.t 

On the other hand, one who holds the opposite view will 

• Cope, " Origin of the Fittest," p. 374. 

t It would appear, from certain passages of his ** Darwinism," that 3ir. 
A. R. Wallace {e.Q. p. 139, note) holds or held similar views. "The 
gen6ra Atcles and Colobuf" he says, ** are two of the most purely arborejil 
typos of monkeys, and it is not difficult to conceive that the constant uaeof 
the elongated lingers for climbing from tree to tree, and catching on o 
branches while making great leaps, might require all the nervous energy and 
muscular growth to be directed to the fingers, the small thumb reniftining 
uweless." I should also have quoted Mr. Wallace's account of the twisting 
round of tlie eyes of flat-fishes — where he says that the constant repetiti«M 
of the effort of twisting the eye towards the upper side of the bead, when 
the l)ony structure is still soft and flexible, causes the eye gradually to moTe 
round the head till it comes to the upper side — had he not subsequently dis- 
claimed this pxplaniition (see NcUure, vol. xl. p. 619). It is possible that Mr. 
"Wallace, notwithsjanding the words ** constant use" in the passage I lia^^ 
quoted, merely inteuiis to iniply that the elongated fingers are of ndvanfcige 
in olinihing, and are thus subject to natural selection, the thumb diminidhiog 
through economy of growth. 



^K'l do not believe that use and disuse have bad anything 
^Bsver to do with the matter. FortuitouH variations in 
liSe digits have taken plnce. The conditions have deter- 
lined which variations should be preserved. In the horse, 
ariations in the direction of increase of functional value 
>[ the mid digit, and variations in the simultaneous 
decrease of the functional value of the lateral digits, have 
Wa of advantage, and have therefore surtived the elimi- 
nating process of natural selection. 

Now, eince it is quite clear, in this and nnmberlesa 
rimilar cases, that we can explain the facts either way, it 
a obviously not worth while to spend much time or 
ingenuity in devising such explanations. They are not 
likely to convince any one worth convincing. What we 
need is (1) crucial cases which can only be explained one 
way or the other ; or (2) direct obsei-vatiou or experiment 
g to the establishment of one hypothesis or the other 
oth). 

. Cnicial cases are very difficult to find. We cannot 
ide the element of use or disuse, for on both hypotheses 
I essential. The difference is that one school says the 
n is developed in the species hi/ use ; the other school 
1 it is developed /or use, "What we must seek is, there- 
fore, the necessary eselusion of natural selection ; and that 
is not easy to prove, in any case, to a Darwinian. If it can 
bo shown that there esist structures which aro of use, but 
not of vital importance (that is to say, which have not 
*liat I called above the arailnble advaiitaijc necessary to 
determine the question of elimination or uot-eliminatiou), 
then we are perhaps able to exclude the influence of natural 
Selection. I think, if anywhere, such cases are to be found 
in faculties and instincts;" and as such they must be 
considered in a later chapter. I will, however, here cite 
e case in illustration of my meaning. 

■ 1 ttnil, 111 rrrcftilinK one of bis utklm, tbnL I havo li^ie unirittingly 
,0 o( Mr. RmuBuei^ii nr^tnoiilH (see Au(ura, vol, iixvi. p. *«e> 
Mr. ItoiiiuuM oitea in the curious b&bit ul' dogd tnniiug n>uuil 
« tlli:j li« ilu«u. 
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We have seen that certain insects are possessed of 
warning colours, which advertise their nastiness to the 
taste. Birds avoid these bright but unpleasant insects, 
and though there is some individual learning, there seems 
to be an instinctive avoidance of these unsavoury mcnrsels. 
There is hesitation before tasting ; and one or two trials 
are sufficient to establish the association of gaudiness and 
nastiness. Moreover, Mr. Poulton and others have shown 
that, under the stress of keen hunger, these gaudy insects 
may be eaten, and apparently leave no ill effects. Birds 
certainly instinctively avoid bees and wasps ; and yet the 
sting of these insects can seldom be fatal. It is, therefore, 
improbable that nastiness or even the power of stinging 
can have been an eliminating agency. In the development 
of the instinctive avoidance, natural selection through 
elimination seems to be excluded, and the inheritance (rf 
individual experience is thus rendered probable. As before 
pointed out, it is not enough to say that a nasty taste or a 
sting in the gullet is disadvantageous ; it must be shown 
that the disadvantage has an eliminating value. From 
my experiments (feeding frogs on nasty caterpillars, and 
causing bees to sting chickens), I doubt the eliminating 
value in this case. Hence elimination by natural selection 
seems, I repeat, to be excluded, and the inheritance of 
individual experience rendered probable. 

Mr. Herbert Spencer has contended that, in certain 
modifications, natural selection is excluded on the grounds 
of the extreme complexity of the changes, and adduces the 
case of the Irish " elk '* with its huge antlers, and the giraffe 
with its specially modified structure. He points out that 
in either case the conspicuous modification — the gigantic 
antlers or the long neck — involves a multitude of changes 
affecting many and sometimes distant parts of the body. 
Not only have the enormous antlers involved changes iu 
the skull, the bones of the neck, the muscles, blood-vessels, 
and nerves of this region, but changes also in the fore 
limbs ; while the long neck of the giraffe has brought with 
it a complete change of gait, the co-ordinated movementB 
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of the hind limbs sharing in the general modificatiou. 
Mr. Spencer, therefore, argues that it is difficult to believe 
thit tliefie multitudinous co-ordinated modifications ore the 
wait of fortuitous variations seized upon liy natural eelec- 
tion. For natural selection would have to wait for the 
fartunate coincidence of & great number of distinct parta, 
»ll happening to vary just in the particular way required. 
That natural selection ebould seize upon the favourable 
modification of a particular part is comprehensible enough ; 
that two organs should coincidently vary in favourable 
4irectioaB we can understand ; that half a dozen parts 
1, in a few individuals among the thousands bora, by 
ilappy coincidence, vary each independently in the right 
lyis conceivable ; bat that the whole organizatiou should 
remodelled by fortunately coincident and fortuitoualy 
>itrable variations is not readily comprehensible. It 
»y be answered — Notwithstanding all this, we know that 
eneh bappy coincidences have occurred, for there is the 
Teaolting giraffe. The question, however, is not whether 
these modifications have occurred or not, hut whether they 
are due to fortuitous variation alone, or have been guided 
by functional use. The argument seems to me to have 
height.' 

Still, we should remember that among neuter ants — 
'or example, in the Sauba ant of South America iOfcodoma 
f^fpluiloUg) — there are certain so-called soldiers with rela- 
titeiy enormous heads and mandibles. The posaeasiou of 
these parts ho inordinately developed must necessitate 
ttiany correlated changes. But these cannot he due to 
Uiherited use, since such soldiers are sterile. 

Furthermore, according to Professor Weiamann, natural 
B^lertiou is really working, not on the organism at large, 
■'Ot on the germ-plasm which prodaces it ; and it is con- 

* Mr. Daciiui, while cooleading tbat the mndiflcationB need not all hnvs 

'^a> liuiulbiDiioiia. Hiyii, " Allhougli nnlunil mlooliim would time tend to givo 

I "ta iiibIr elk Ita (tntwut struclure. yel it u probalile tbat tlie iuheriled effrcta 

iV luid iif tba mutual action of putt im part, have been oqiiully or more 

"(" Auimuta and Pluiita under UomoHticstion," vol. ii. p. 328). 
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ceivable that the variation of one or more of the few « 
in earl}' embryonic life may introdace a great nmnber 
variations in the numerous derivative cells. In eiplai 
tion of my meaning, I will quote a paragraph from a pa] 
of Mr. E. B. Poulton's on "Theories of Heredity.* * 
appears/' he says, ''that, in some animals, the gn 
groups of cells are determined by the first division [of 1 
ovum in the process of cleavage t]; in others, the ri{ 
and left sides, or front and hind ends of the body; wh 
the cells giving rise to the chief groups on each side woi 
then be separated at some later division. This is i 
theory, but fact ; for Boux has recently shown that, if o 
of the products of the first division of the egg of a frog 
destroyed with a hot needle, development is not necessar 
arrested, but, when it proceeds, leads to the formation 
an embryo from which either the right or the lefk side 
absent. When the first division takes place in anotl 
direction, either the hind or the front half was absent fr( 
the embryo which was afterwards produced. After 1 
next division, when four cells were present, destruction 
one produced an embryo in which one-fourth was absen 
Now, it is conceivable that a single modification 
variation of the primitive germ might give rise to ma 
correlated modifications or variations of the numerous c( 
into which it develops ; just as an apparently tri^ 
incident in childhood or youth may modify the T?b 
course of a man's subsequent life. It is difficult, inde 
to see how this could be effected ; to understand what co 
be the nature of a modification of the germ which co 
lead simultaneously to many favourable variations of boi 
muscles, blood-vessels, and nerves in different parts of 
body. This, however, is a question of the origin of va 
tions ; and it is, at any rate, conceivable that, just as 
the extirpation with a hot needle of one cell of the clea 
frog*s ovum all the anterior part of the body should 
abseut in development, so by the appropriate modifica 
of this one cell, or the germinal matter which producei 

• Midland NaturalUt, November, 1889. t See ante, p. 52. 
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. the anterior part of the body should be appropriately 
dified. 

These considerations, perhnps, Bomewbat weaken the 
rce of Mr. Spencer's argument, which is not quite so 
tong now as it was when the "Principles of Biology" 
B published. 

(t^ We may pass now to the evidence afforded by direct 
tration and experiment. There ia Uttle enough of it. 
I best results are, perhaps, those which have been 
leidentally reached in the poultry-yard and on the farm 
B the breeding of domesticated animals. We have seen 
ut. under tbesie circumstances, certain parts or organs 
ilTO very markedly diminished in size and eEBcienoy ; 
Uiers have as markedly increased. Of the former, or 
crease in size and efficiency,' the imbecile ducks with 
eally diminished brains have been already mentioned. 
|r. Herbert Spencer draws attention " to the diminished 
iaency in ear-muscles, giving rise to the drooping ears 
^iDEiny domesticated animals. " Cats in China, horses in 
uts of Russia, sheep in Italy and elsewhere, the guinea- 
ig formerly in Germany, goats and cattle in India, rabbits, 
■igs, and dogs in all long-civilized countries, have dependent 
." t Since many of these animals are habitually well 
Bdi the principle of economy of growth seems escluded, 
rindned, the ears are often unusually large ; it ia only 
their motor muscles that have dwindled either relatively 
Or absolntely. If what has been urged above be valid, 
panmiKia cannot have been operative ; since panmixia per 
»' only brings about regression to mediocrity. If the effects 
in tbeae two cases, ducks' brains and doga' ears, be not due 
to dLiuse, we know not at present to what they are due. 
In tile correlative ease of increase by use, we find it exceed- 
ingly diflicult to exclude the disturbing effects of artificial 
selection. The large and distended udders of cows, the 
enhanced egg-laying powers of hens, the tleetness or 
Btronyth of different breeds of horses, — all of these have been 
*.v<i(«nv»t.i. «ii, p. ail, 

t "Auiiuata and PimiU under Domestiialioti." vol. ii. p. 291. 
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subjects of long-continued, assiduous, and careful 8electi(»L 
One cannot be sure whether use has co-operated or not. 

Sufficient has now, I think, been said to show the 
difficulty of deciding this question, the need of farther 
observation and discussion, and the necessity for a recep- 
tive rather than a dogmatic attitude ; and sufficient, ako, 
to indicate my reasons for leaning to the view that use and 
disuse, long-continued and persistent, may be a factor in 
organic evolution. 



The Nature of Variations. 

The diversity ef the variations which are possible, and 
which actually occur in animal life, is so great that it is 
not easy to sum up in a short space the nature of variations. 
Without attempting anything like an exhaustive classifiea- 
tion, we may divide variations into three classes. 

1. Superficial variations in colour, form, etc., not neces- 
sarily in any way correlated with 

2. Organic variations in the size, complexity, and 
efficiency of the organs of the body ; 

8. Reproductive and d^ivelopmental variations. 

Any of these variations, if sufficient in amount and 
value to determine the question of elimination or not-elimi- 
nation, selection or not-selection, may be seized upon by 
natural selection. 

Our domesticated animals exemplify very fully the 
superficial variations which, through man's selection, have 
in many cases been segregated and to some extent stereo- 
typed. It is unnecessary to do more than allude to the 
variations in form and coloration of dogs, cattle, fowls, and 
pigeons. These variations are not necessarily in any way 
correlated with any deeper organic variations. They are, 
however, in many cases so correlated. For example, th© 
form of the pouter pigeon is correlated with the increased 
size of the crop, the length of the beak carries with it ^ 
modification of the tongue, the widely expanded tail of the 
fantail carries with it an increase in the size and number 
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of Ute caadal Tertcbree. And here we might take the nhote 
secies of secondary sexual obaracterx. Those and tbeir 
Ukp may be said to be direct correlations. But there are 
also eorrc'Iations which are Beemiugly indirect, their con- 
nection being apparently remote. That in pigeons the 
size of the feet sbould vary with the size of the beah ; that 
the length of the wing and tail feathers shoidd be corre- 
lated \ that the nakedness of the young should vary with 
the future colour of the plumage ; that white dogs should 
be Anbject to distemper, and white fowls to the " gapes ; " 
that white cats with blue eyes should be nearly always 
duaf; — in these cases the correlation is indirect. But from 
the existence of correlation, whetlier direct or indirect, it 
foUons that variations seldom come singly. The organism 
ifi 80 completely a unity that the variation of one part, even in 
■Uperfioial matters, affects directly or indirectly other parts. 
In the freedom of nature such superficial variations are 
not so obvious. But among the invertebrates tbey are not 
Mcon aider able. The case of land-snails, already quoted, 
Uta; again he cited. Taking variations in banding alone, 
Mr. Cockerel! knows of 252 varieties of Jldix nemoralis 
•nd 128 of //, hortfiigia. Still, among the wild relatives of 
OQr domestic breeds of animals and birds the superficial 
Variations are decidedly less marked. And this is partly 
')Qe to the fact that they are in a state of far more stable 
equilibrium than our domestic products, and partly to the 
•Constant elimination of all variants which are thereby 
placed at a serious or vital disadvantage. White rats, 
*oice, or small birds, in temperate regions, would soon be 
Seized upon by hawks and other enemies. If the eggs and 
yoimg of the Kentish plover, shown in our frontispiece, 
*ere white or yellowish, like the eggs and young of our 
'"*]b, they would soon be snapped up. The varied protec- 
'^ve rcaemblanBes, general and speoial, have been brought 
*oout by the superficial variations of organisms, and the 
^ttiination of those which, from non-variation or wrong 
Variation, remained conspicuous. We need only further 

Lne thing here, namely, that, in the case of special 
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r€s<s:MaBCr to an inorgame object or to another organism, 
tbr Tarla:::ii5 of the several parts must be yery closdy, 
a:i:J s^j'SStiiriits completely, correlated. The correlations, 
bovcYtr. nc<ed not. f^rhaps, hare been sinmltaneoas— the 
r£>t:i:K.anre haring l>een gradually perfected by the filling 
in of aiiiiiional touches, first one here, then another there, 
and >--» on. 

Coz^Ernini! " organic Tariations," little need be Eaij. 
h 1$ oltar thai an organ or limb may vary in size, sneh 
\-ir:ai::n csrryiiig with it a correlative variation in power; 
or i\ may vary in complexity — the teeth of the horse tribe, 
f;r txanir'r, having increased in complexity, while their 
li=iV< Lave b^ren rendered less complex ; or it may vary 
in trz.'iincy iiiro::cb the more perfect correlation and oo- 
cr.:^v.i::;:: c^i its parts. 

T-it t viicuce of such variations from actual observation 
i> f.u- Itss in amount than that of superficial variations. 
Av.l :L:< is no* to be wondered at, since in many cases 
it vTAV. ov.Iy K; obtained by careful anatomical investigation. 
Ntv^rtlicltss, anatomists, both human and comparatiw, 
art a^Tv-ed tlia: suoh variations do occur. And no one can 
t\sv-:r.v sujh a collection as that of the Royal College of 
S,:r^. ::> w::i:ou: aoknowloddni: the fact. 

ri.:r,r.y. " nrrvMuorive and developmental variations" 
arx? vf v^ry jcr^-.t importance. The following are among 
tl.v :v.>rv iitiivrta::: modincations which may occur in the 
a:::::::i» ki'^j;>L^m. 

1. V:ir:.i:ious in the mode of reproduction, sexual or 
ast xi::\l. 

•J. Variations in the mode of fertilization. 

3. V:iri:i:ions in the number of fertilized ova produced. 

4. Variations in the amount of food-volk and iu the 
way ill which it is supplied. 

r». Variations in the time occupied in development. 

0. Variations in the time at which reproduction com- 
mences. 

7. Variations in the duration and amount of parental 
protection and fosterage. 
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8. Variations in the period at wliich secondary sexual 
kracters and the maximum efficiency of the several 

i IB reached. 
It IB impossible here to discuss these modes of variation 
utim. I shall therefore content myself with hut a few 
marks on the importance of protection and fosterage. It 
I not too much to say that, without foaterage and protec- 
i, the higher forms of evolution would be impoBsible. If 
are to have a highly evolved form, you must allow 
for its evolution from the egg; and that develop- 
nt may go on without let or hindrance, you must supply 
be organism with food and lighten the labour of self- 
lefence. Most of the higher organisms are slow in coming 
> maturity, passing through stages when they ore helpleaa 
xid, if left to themselves, would inevitably fall a prey to 
kiemioB. 

In those animals in which the system of fosterage and 
rotection has not been developed a great number of 
pirtiltzed ova are produced, only a few of which come to 
batority. It might be suggested that this is surely an 
idvantage, since the greater the number produced the 
real«r the chances of favourable variations taking place. 
But it has before been pointed out that these great numbers 
" 'e decimated, and more than decimated, not by elimina- 
tion, but by indiflcriminate destruction ; embryos, good, 
had, and indifferent, being alike gobbled up by those who 
had learnt the secret of fostering their young. The 
alternative has been between producing great numbers" of 
*mbryos which soon fend for themselves, and a few young 
*hu are adequately provided for during development. And 
^uo latter have proved the winners in life's race. If we 
Compare two flat-fishes belonging to very different groups, 
the contrast here indicated will be readily setm. The 
*kate is a member of the shark tribe, flattened sym- 

* la the tliird cbuplor »e nit that in Buch ouoh twl onXf ore there an 
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metrically from above downwards. It lays, perhaps, eighty 
to a hundred eggs. Each of these is large, and has a 
rich supply of nutritive food-yolk. Each is also protected 
by a horny case with pointed comers — the so-called sea- 
purse of seaside visitors. These are committed by the 
skate to the deep, and are not further cared for. But the 
abundant supply of food-yolk gives the little skate which 
emerges a good start in life. On the other hand, the 
turbot, one of the bony fishes, flattened from side to side 
with an asymmetrical head, lays several millions of eggs, 
which float freely in the open sea. These are minute and 
glassy, and not more than one-thirtieth of an inch in 
diameter. When the fishes are hatched, they are not 
more than about one-fifth of an inch in length. The 
slender stock of food-yolk is soon used up, and henceforth 
the little turbot (at present more like a stump-nosed eel 
than a turbot) has to get its own living. Hundreds of 
thousands of them are eaten by other fishes. 

Or, if we compare such different vertebrates as a frog, a 
sparrow, and a mouse, we find that the frog produces a 
considerable number of fertilized ova, though few in com- 
parison with the turbot, each provided with a small store 
of food-yolk. The tiny tadpoles very soon have to obtain 
their own food and run all the risks of destruction. Few 
survive. The sparrow lays a few eggs; but each is 
supplied with a large store of food-yolk, sufficient to meet 
its developmental needs until, under the fostering influence 
of maternal warmth, it is hatched. Even on emerging 
from the eggs, the callow fledglings enjoy for a while 
parental protection and fosterage, and, when sent forth 
into the world, are very fairly equipped for life's struggle. 
The mouse produces minute eggs with little or no food- 
yolk ; but they undergo development within the womb of 
the mother, and are supplied with nutrient fluids elaborated 
within the maternal organism. Even when born, they are 
cherished for a while and supplied with food-milk by the 
mother. 

The higher stages of this process involve a mental 
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'lement, and are developed aniler the auspices of in- 
'elligenee or instinct. But the lower stages, the supply of 
fcod-yolk and intra-uterine protection, are purely organic. 
A beo cannot by instinctive or intellifjout forethought 
^^ increase the amount of food-yolk stored up in tlie ovum, 
^LKnymore than the lily, which, hy an analogous proeees, 
^^ptores Dp in its bulb during one year material for the best 
^■pArt of next year's gi'owth, can increase this store by a 
* mental process. 

It cannot therefore be qnestioned that variations in the 
Atnoaut of capital with which an embryo is provided in 
meration would very materially affect its chances of 
B«aping elimination by physical circumstances, by enemies, 
d by competition. 

Nor can it be queatioDed that variations in the time 

ccupied in reaching maturity would, other things equal, 

pot a little affect the chances of success of an organism in 

ti« competition of life. Hence we have the phenomena 

K what may I>e termed acceleration and retardation in 

deTelopment. These terms have, however, been used by 

American zoologists, notably ProfessorH Hyatt and Cope, 

in ft somewhat different and wider sense; for they iacluda 

lot merely time-changes, but also the loss of old characters 

or the acquisition of new characters. "It is evident," 

"ajs Professor Cope, "that the animal which adds some- 

Wiing to its etrncturo which its parents did not possess 

"as grown more than they; while that which does not 

*ttft!n to all the characteristics of its ancestors has grown 

less than they." " If the embryonic form be the parent, the 

adTanced descendant is produced by an increased rate of 

BTowth, which phenomenon is called ' acceleration ; ' but if 

the embryonic type be the offspring, then its failure to 

attain the condition of the parent is due to the supervention 

t*f a slower rate of groi^'th ; to this phenomenon the terra 

L *"clftrdation " is applied." " I believe that this is the 

I **mplest mode of stating and explaining the law of varia- 

^^"OB: that some forms acquire something which their, 

^■j I'l^rents did not possess ; and that those which acqi 



1 



222 Animal Life and Intelligence. 



something additional have to pass through more nmnerous 
stages than their ancestors ; and those which lose some- 
thing pass through fewer stages than their ancestors ; and 
these processes are expressed by the terms ' acceleration * 
and ' retardation.' " * 

It is clear, however, that we have here something more 
than acceleration and retardation of development in the 
ordinary sense of these words. It would be, therefore, more 
convenient to use the term " acceleration " for the con- 
densation of t)ie same series of developmental changes into a 
shorter perjod of time ; ** retardation " for the lengthening of 
the period in which the same series of changes are effected; 
and " arrested development *' for those cases in which the 
young are bom in an immature or embryonic condition. 
Whether there is any distinct tendency, worthy of formu- 
lation as a law, for organisms to acquire, as a result of 
protracted embryonic development, definite characteristics 
which their ancestors did not possess, I think very question- 
able. If so, this will fall under the head of the origin of 
variations. 

That acceleration, in the sense in which I have used 
the term, does occur as a variation is well known. " With 
our highly improved breeds of all kinds," says Darwin,t 
" the periods of maturity and reproduction have advanced 
with respect to the age of the animal ; and in correspondence 
with this, the teeth are now developed earlier than formerly, 
so that, to the surprise of agriculturalists, the ancient rules 
for judging of the age of an animal by the state of its teeth 
are no longer trustworthy.'* "Disease is apt to come on 
earlier in the child than in the parent ; the exceptions in 
the other direction being very much rarer." } Professor 
Weismann contends that the time of reproduction has been 
accelerated through natural selection, since the shorter the 
time before reproduction, the less the number of possible 
accidents. We may, perhaps, see in the curious cases of 

♦ Cope, *• Origin of the Fittest, " pp. 226, 125, and 297. 

t " Animals and Plants under Domebtication.'* vol. ii. p. 313. 

X Ibid. p. 56. 



docUon during an otherwise immature condition, 
ne mstances of acceleration. The axoloti habitually 
daces in the gilled, or immature condition. Some 

I of insects reproduce before they complete their 
morpbosee. And the females of certain beetles (Phen- 
i) are deseribed by Professor Biley as larviform.* 
lecocity is variation in the direction of acceleration, 
khat condensed development which is familiar in the 
yos of 80 many of the higher animals may be regarded 
le result of variations constantly tending in the same 
That there are fewer examples of retardation 
vbably due to tl]o fact that nature ^has constantly 

red those that can do the same work equally well in 
orter time than their neighbours. But there can be 
)ubt that, accompanying that fostorage and protection 

I is of such marked import in the higher animals, 
I is also much retardation. And aa bearing upon the 
osed (aw of variation aa formulated by Messrs. Hyatt 

Cope, it should be noted that this retardation or 
Vued rate of growth leads to the production of the 
I advanced deHcendant. 



7'he Inheritance of Variations. 
Hven the occurrence of variations in certain individuals 
'speoies, we have the alternative logical possibilities 
jit being inherited or their not being inherited. Tho 
! alternative seems at firat sight to he in contradiction 
B law of persistence. Sir Henry Holland, seeing this, 
rked that the real subject of surprise is, not that a 
icter should be inherited, hut that any should ever 
ID be inherited. t Intercrossing may diminish a 
eter, and sooner or later practically obhterate it: 
alate tt at once and in the first generation it cannot, 
bgical view, however, ceases to be binding if we admit, 

btort, vd. xxxvi. p. 51)2. 

noted from ■■ Ui-dii'iJ Votos unit Refleotiaim," IS.'iS. p. 2«r7, by Dutwiu, 

bLi ujd fUati uudvr Oouu-etiouLiuu," vul. i. p. MH. 
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with Professor Weismann, that variations may be produced 
in the body without in any way aflfecting the germ. It is 
also vitally aflfected if we believe that the hen does not 
produce the egg, though she may, perhaps, modify the eggs 
inside her ; for the modification of the hen (i.e. the variety 
in question) may not be of the right nature or of suflBcient 
strength to impress itself upon the germinal matter of the 
egg. We may at once admit, then, that acquired varia- 
tions need not be inherited. 

Passing to innate variations — variations, that is to say, 
which are the outcome of normal development from the 
fertilized ovum — must they be inherited, at any rate, in 
some degree ? It seems to me that they must, on the 
hypothesis that sexual generation involves simply the 
blending or commingling of the characters handed on in 
the ovum or the sperm. The only cases where this would 
apparently fail to hold good would be where the ovum 
and the sperm handed on exactly opposite tendencies — 
a variation in excess contributed by the male precisely 
counterbalancing a variation in the opposite direction con- 
tributed by the female parent. Even here the tendency is 
inherited, though it is counterbalanced. On the hypothesis 
of *' organic combination '* before alluded to (p. 150), varia- 
tions might, however, in the union of ovum and sperm, 
be not only neutralized, but augmented. If the variation 
be, so to speak, a definite organic compound resulting from 
a fortunate combination of characters in ovum and sperm, 
it might either fail altogether, or be repeated in an en- 
feebled form, or augmented in the offspring, according as 
the new conditions of combination were unfavourable or 
favourable. 

Whether innate variations ever actually fail to be 
inherited, even in an enfeebled form, it is very difficult to 
say ; for if this, that, or the other variation fail to be thus 
inherited, it is difficult to exclude the possibility of its 
being an acquired variation not truly innate. Certainly 
variations seem sometimes to appear in one generation, 
and not to be inherited at all. And, as we have seen, Mr. 
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RomaneB appeals to a gradual failure of heredity, apart 
(ram iutercroBsiug, to explain the diminution of disused 
urgans. 

Tiiiit a variation strongly developed in both parents is 
npt to be augmented in the offspring is eommoDly believed 
by breedfrs. Darwin was assured that to get a good 
jonquil-oofoured canary it does not answer to pair two 
jonquila, as the colour then comes out too strong, or is 
"■(■n brown. Moreover,* " if two crested canaries are paired, 
ttie young birds rarely inherit this character ; for in crested 
tiitilfi a narrow space of bare skin is left on the back of the 
head, where the feathers are upturned to form the crest, 
anJ. when both parents are thus characterized, the bare- 
DBB becomes excessive, and the crest itself fails to he 
"ierdoped." 

On the whole, it would seem that variations may either 

kIs neutralized or augmented in inheritance ; but the deter- 

ning causes are not well understood. 

Another fact to be noticed with regard to the inheritance 

ff Tariations is that some characters blend in the offspring, 

•liile others apparently fail to do so. Mr. Francis Galton.t 

*peaking of human characters, gives the colour of the skin 

* an instance of the former, that of the eyes as an 

mple of the latter. If a negro marries a white woman, 

» offspring are mulattoes. But the children of a light- 

dbtber and a dark-eyed mother are either light-eyed 

t dark-eyed. Their eyes do not present a blended tint. 

BDong animals the colour of the hair or feathers is often a 

r blended tint ; but not always. Darwin gives the 

^le of the pairing of grey and white mice, the offspring of 

I »iiicli are not whitish-grey, but piebald. If you cross a 

Llliitfl and a black game bird, the offspring are either black 

IT white, neither grey nor piebald. Sir R. Pleron crossed 

ihite, black, brown, and fawn-coloured Angora rabbits, and 

V once got these colours mingled in the same animal, 

t often all four colours in the same litter. He also 

* [^viii. " AnimnU and PUnts utider Uotuestlciktioii," vol. i. p. iS5. 
"Nftlunl tnlivriluDCp," p. 12. 
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crossed ** solid-hoofed " and ordinary pigs. The offspring 
did not possess all four hoofs in an intermediate condition ; 
but two feet were furnished with properly divided and two 
with united hoofs.* Professor Eimerf has noticed that, in 
the crossing of striped and unstriped yarieties of the 
garden snail, Helix hortensis, the offspring are either striped 
or unstriped, not in an intermediate or faintly striped 
condition. 

These facts are of no little importance. They tend to 
minimize, for some characters at least, the effects of inter- 
crossing. The variations which present this trait may be 
likened to stable organic compounds, which may be in- 
herited or not inherited, but which cannot be watered down 
by admixture and intercrossing. It is well known j that, 
in 1791, a ram-lamb was bom in Massachusetts, with 
short, crooked legs and a long back, like a turn-spit dog. 
From this one lamb § the otter ^ or ancon, breed was raised. 
When sheep of this breed were crossed with other breeds, 
the lambs, with rare exceptions, perfectly resembled one 
parent or the other. Of twin lambs, even, one has been 
found to resemble one parent, and the second the other. 
All that the breeder has to do is to eliminate those which 
do not possess the required character. And very rarely 
do the lambs of ancon parents fail to be true-bred. 

Now, it can scarcely fail that such sports occur in 
nature. And if they are stable compounds, they will not 
be readily swamped by intercrossing. It only requires some 
further isolation to convert the sporting individuals into a 
distinct and separate variety. Now, Darwin tells us that 

♦ Darwin, " Animals and Plants under Domestication,*' vol. ii. p. 70. 

t ** Organic Evolution," Mr. Cunningham's translation, p. 76. 

X Darwin, " Animals and Plants under Domestication/* vol. i. p. 104. 

§ Similarly, from a chance sport of a one-eared rabbit, Anderson formed a 
breed which steadily produced one-eared rabbits (** Animals and Plants under 
Domestication," vol. i. p. 456). This is an example of asynunetricul variation. 
Vuriations are generally, but not always, symmetrical. Superficial coloar- 
variations are sometimes asymmetrical. Gasteropod moUuscs are nearly 
always asymmetrically developed. Among insects, AnUognalhus affords an 
example of the asymmetrical development of the mandible. Our right-handed- 
ness is a mark of aisymmetry. 
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tie onoons have been QVjserved to keep together, separating 
tiemselves from the rest of the flock 'when pat into 
Dclosurea with other sheep. Here, then, we have pre- 
irentiat mating as the further isolating factor. I feel 
ispoBed, therefore, to agree with Mr. Galton when he 
ays,* "The theory of natural selection might dispense 
rith a restriction for which it is difficult to see either the 
leed or the justification, namely, that the course of evolu- 
iion always proceeds by steps that are severally minute, 
And that become effective ouly through accumulation. 
Tiiat the steps may be small, and that they munt be small, 
are very different views ; it is only to the latter that I 
object, and only when the indefinite word ' small ' is used 
in (be sense of ' barely discernible,' or as small as com- 
pared with each large sports as are known to have been 
the origins of new races." 

Connected, perhaps, with the phenomena we have just 
been considering ia that of frf'^<teney,\ It is found that, 
when two individuals of the same race or of different races 
we crossed, one has a preponderant influence in deter- 
Biinmg the character of the offspring. Thus the famous 
WU Favoturite is believed to have had a prepotent influence 
OQ the short-horn race ; and the improved short-horns 
pMseas great power in impressing their likeness on other 
Ireeda. The phenomena are in some respects curiously 
triable. In fowls, silkiness of feathers seems to be at 
oiuie bred oat by intercrossing between silk-fowl and any 
otiiM breed. But in the silky variety of the fan-tail 
pigeon this character seems prepotent ; for, when the 
Twiety is crossed with aay other Bmall-aized race, the 
"iikineas is invariably transmitted. One may fairly sup- 
pa»e that prepotent characters have unusual stability ; 
liot to what causes this stability is due we are at present 
^orant. 

istly, we have to consider the phenomenon of tatenci/, 

^Ktttoral InhurilnneB," p. 32, 

Bto "AiiLmnla ami Pluula iinJer DameeticalioD," rol. ii. p. 40, From 
k Uluatrktiiwii mo tukeu. 
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This is the lying hid of characters and their subsequent 
emergence. We may distinguish three forms of latency. 

1. Where characters lie hid till a certain period of life, 
and then normally emerge. 

2. Where the characters normally lie hid throughout 
life, but are, under certain circumstances, abnormally 
developed. 

8. Where the characters lie hid throughout life, but 
appear in the offspring or (sometimes distant) descendants. 

Latency is often closely connected with correlated 
variations. Secondary sexual characters, for example, are 
correlated with the functional maturity or activity of the 
reproductive organs. They therefore lie hid until these 
organs are mature and ready for activity. When they 
are restricted to the male, they normally remain latent 
throughout the life of the female, but reappear in her male 
offspring. Under abnormal conditions, such as the removal 
of the essentially male organs, the secondary sexual charac- 
ters correlated with them do not appear, or appear in a» 
lessened and modified form. The males may even, under- 
such circumstances, acquire female characters. Thus^ 
capons take to sitting, and will bring up young chickena. . 
Conversely, females which have lost their ovaries througti 
disease or from other causes sometimes acquire secondary 
sexual characters proper to the male. Characters thu.8 
normally latent abnormally emerge. Mr. Bland Sutton • 
gives a case of a hen golden pheasant which " presented 
the resplendent dress of the cock, but her plumage was rxoi 
quite so brilliant ; she had no spurs, and the iris was not 
encircled by the ring of white so conspicuous in the male." 
Her ovary was no larger than a split pea. 

A curious instance of latent characters correlated with 
sex is seen in hive bees. The worker bee differs from the 
female in the rudimentary condition of the sexual organs, 
in size and form, and in the higher development of the 
sense-organs. But it is well known that, if a very young 
worker grub be fed on "royal jelly,'* she will develop into 

♦ " Evolution and Disease," p. 169. 



a perfect queen, Not only are the sexual organs stimulated 
to iDcreaBed growth aad functional activity, bat tbe corre- 
lated aizti and condition of tbe eense-organa are likewise 
acquired. The characters of queen and worker are latent 
in the grub. According to the nature of tbe food it receives, 

■ Aeone set of characters or the other emerges. Professor 

■ Timg's tadpoles and Mrs. Treat's butterflies {ante, p. 69) 
' sfford similar instances. 

We come now to those cases of latency in which this 
obrioas correlation does not occur. They afford examples 
<jf reversion to more or less remote ancestral characters. 
In some cases the cause of such reversion — such unexpected 
emergence of characters, which have remained lateut 
throQgh several, perhaps many, generations — is quite un- 
known. In others, at any rate among domesticated 
tnicDflls, tbe determining condition of such reversion ia the 
cniBsing of distinct breeds. 

Darwin gives* an instance of reversion, on the authority 
of Mr. R. Walker. He bought a black bull, the son of a 
Wick cow with white legs, white belly, and part of tbe tail 
»lute; and in 1870 a calf, tbe gr-gr-gr-gr-grandchild of 
tilts cow, was bom, coloured in the same very peculiar 
loer, all tbe intermediate offspring having been black. 
I man partial reversions are not infrequent. Ad addi- 
Dftl pair of lumbar ribs is sometimes developed, and ia 
kh cases tbe fan-shaped tendons which are normally 
DDected with the transverse processes of the vertebrie are 
1 by functional levator muscles. Since it is probable 
t the ancestor of man bad more than the twelve pairs 
I ribs that are normally present in the human species, 
Mmay, perhaps, fairly regaid the supernumerary rib as a 

But it may be a new sport on old lines, 

! Tbe occasional occurrence in Scotland of red grouse 

1 a large amount of white in tbe winter plumage, 

iDy on the under parts, is justly regarded by Mr. 

naUuet as a good example of reversion or latency in 

"Auimnla uicl Plnnti uii<Iet Domesticaticiii." veil. ii. p. 8. 
-Dar«imuii,"|i. 107. 
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definite and perhaps considerable leaps under the influence 
of changed conditions. We must not run the adage, }io^ra 
nil facit per saltum, too hard, nor interpret saltum in too 
narrow a sense. 

It is true, and we may repeat the statement of the fact 
for the sake of emphasis, that we do not know how or why 
this or that particular variation should result from this or 
that change of climate, environment, or food-stuff ; nor do 
we know why certain variations (such as that which pro- 
duced the ancon breed of sheep) should be stable, while 
other variations are peculiarly unstable. But in this we 
are not worse off than we are in the study of inorganic 
nature. We do not know why calcite should crystallize in 
any particular one of its numerous varieties of crystalline 
form ; we do not know why some of these are more stable 
than others. We may be able to point to some of the 
conditions, but we cannot bo said to understand why 
arragonite should be produced under some circumstances, 
calcite under others ; or why the same constituents should 
assume the form of augite in some rocks, and hornblende 
in other rocks. We are hedged in by ignorance; and 
perhaps one of our chief dangers, becoming with some 
people a besetting sin, is that of pretending to know more 
than we are at present in a position to know. Our very 
analogies by which we endeavour to make clear our mean- 
ing may often seem to imply an unwarrantable assumption 
of knowledge. 

In the last chapter I used the term *' organic combina- 
tion," and drew a chemical analogy. I wished to indicate 
the particularity and the stability of certain variations, and 
the possibility of new departures through new combinations 
of variations, the new departure not being necessarily any- 
thing like a mean between the combining variations.* I 
trust that this will not be misunderstood as a new chemico- 
physical theory of organic forms. I have some fear lest I 
should be represented as maintaining that a giraffe or a 
peacock is a definite organic compound, with its proper 

* See Darwin, *' Animals and Plants under Domestication," vol. ii. p. 252. 
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breeds ancestral traits lie latent. The crossing of diatinct 
raheties may either neutrallzs the Tariations artificially 
selected, and thus allow the ancestral characters which 
have been masked hy them to reappear ; or they may 
»Dow tiio elements of the ancestral traits, long held apnrt 
in separate breeds by domestication, to recombine with the 
consequent emergence of the normal characters of the wild 
species, Bnt, in truth, any attempted explanations of the 
facts are little better than guess-work. There are the 
fafts. And the importance of crossing as a determining 
condition in domesticated animals should make ns cautious 
in applying reversion, as it occurs in such cases, to wild 
Bpeciea which live under more stable conditions where 
dDesing is of rare occurrence. 

Th^ Oriffin of Variations. 
The subject of the origin of variations is a difficult one, 
e concerning which comparatively little is known, and 
he on which I am not able to throw much light. 

Taking a simple animal cell as our starting-point, we 

'law already seen that it performs, in primitive fashion, 

lertain elementary and essential protoplasmic activities, 

*^tii gives rise to certain products of cell-life. In the 

Dietazoa. which are co-ordinated aggregates of animal 

fteila, together with some of their products, there is seen a 

4rinion of labour and a differentiation of structure among 

Vit cells. We see, then, that variation among these related 

«ell* has led to differences in size, in form, in transparency, 

1 in function ; while the cell-products have been differ- 

j «tiated into those which are of lifelong value, such as 

cartilage, connective tissue, horn, chitin, etc., 

ther with a variety of colouring matters ; those which 

f temporary value, sucU as the digestive secretions, 

; and those which are valueless or noxious, such as 

•rbonic acid gas and urea, which are excreted as soon as 

iMsible. Here are already a number of important and 

taiUmental variations to be accounted for. 
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on the body are transmissible believe also that the effects 
of use and disuse are transmissible. 

The vital vigour of the organism is a determining con- 
dition of importance. The vital vigour of males has 
favoured the origin of secondary sexual characters ; that of 
females, the fostering and protection of young, and therefore 
the development in them of vital vigour. 

The almost universally admitted factor in guidance is 
natural selection. But we must be careful not to use it 
as a mere formula. 

Whether sexual selection is also a factor is stiU a matter 
of opinion. Without it the specific character and constan<7 
of secondary sexual features are at present unexplained. 
If inherited use and disuse are admitted as factors in 
origin, they must also be admitted as important factors in 
guidance. 

Questions of origin and guidance should, so far as is 
possible, be kept distinct. These terms, however, apply to 
the origin and guidance of variations. In the origin of 
species guidance is a factor, no doubt a most important 
factor. The title of Darwin's great work was, therefore, 
perfectly legitimate. And those who say that natorsL 
selection plays no part in the origin of species are, there- 
fore, undoubtedly in error. 
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iy days of organic evolution: how can we, then, pre- 
id to andorstand their origins ? 
1/ we speeuJate at all on tbe matter, we are led to the 
tbat the rariations must be primarily due to the 
lerential incidence of mechanical streases and physical 
chemical induences. It may be admitted that this is 
little more tiian saying that they are due to some physical 
cause. Still, this at least may be taken as certain for 
what it is worth— that the primitive tissue-differentiations 
sredue to physical or chemical influences, direct or indirect, 
on the protoplasm of the cell. Here is one mode of tbe 
urigin of variations. 

1 do not wish to reopen the question whether these 
Tuiations originate in tbe germ or in the body. I content 
myself with indicating the difference, from this standpoint, 
between the two views. Take, for example, the end-organs 
of the special senses, which respond explosively to physical 
BB in ways we shall have to consider more fully in 
tije next chapter. If we hold that variations originating 
tlie body may be transmitted through the germ to the 
ilffepring, then we may say that these variations are the 
set result of the incidence of the physical or molecular 
■ttbrationa on the protoplaani. But if we believe, with 
ftofessor Wcismann, that all variations originate in tbe 
germ, then the variations in the end-organs of the special 
Wasea, fitting them to be the recipients of special modes of 
influence, result from physical effects npon tlie germ of 
purely fortuitous origin, that is to say, wholly unrelatt>d to 
*lie «id in view. The rods and cones of the retina are due 
to purely ohance variations, impressed by some chemical 
« ^ysical causes completely unknown on the germinal 
protoplasmic substance. Those individuals which did not 
iiiTe these chance variations have beeu eliminated. It 
matters not that the rods and cones are believed to have 
ttached their present excellence through many intermediate 
steps from muoh simpler beginnings. The fact remains 
"lat the origin of all those step-like variations was fortui- 
^tu, aad not in any way the direct outcome of the physical 
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influences which their products, the rods and cones, have 
become fitted to receive. I am not at present prepared to ac- 
cept this theory of the germinal origin of all tissue- variations. 

Whether use and disuse are to be regarded as sources 
of origin of variations is, again, a matter in which there 
is wide difference of opinion. But if we admit that any 
variations can take their origin in the body (as dis- 
tinguished from the germ), then there is no d 'priori reason 
for rejecting use and disuse as factors. As such, we are, I 
think, justified, in the present state of our knowledge, in 
reckoning them, at all events, provisionally. 

It is clear, however, that they are a proximate, not an 
ultimate, source of origin. I mean that the structures 
must be there before they can be either strengthened or 
weakened by use or disuse. They are at most a source of 
positive or negative variations of existing structures. They 
cannot be a direct source of origin of superficial variations. 
Gain or loss of colour ; form-variations not correlated with 
organic variations ; — these cannot be directly due to use or 
disuse. It is in the nervous and muscular systems and the 
glandular organs that use and disuse are mainly operative. 
When, however, organs are brought into relation, or fail to 
be brought into relation, to their appropriate stimuli, we 
speak of this, too, as use and disuse. We say, for example, 
that persistent disuse may impair the essential tissues of 
the recipient end-organs of the special senses, implying 
that these tissues require to be brought into continued 
relation to the appropriate stimuli in order that their 
(efficiency be maintained. So, too, we say that the epidermis 
is thickened by use, meaning that it is brought into rela- 
tion with certain mechanical stresses. Through correlation, 
too, the effects of use and disuse may be widespread. Thus 
increase in the size of a group of muscles may be correlated 
with increase in the size of the bones to which they are in 
relation. In fact, so knit together and co-ordinated is the 
organism into a unity, it is probable that hardly any 
variation could take place through use or disuse without 
modifying to some extent the whole organic being. 



■Icvement effected — not to mention the rapidity and diira- 
fHaa of the muscular effort. By it the position, or changes 
of position, of the motor-organs are indicated. It ie 
obvioufl, therefore, that the sensations obtained in this way, 
some of which are exceedingly delicate, are an important 
gmde to the organism in the putting forth of its activities. 
It is through the muscular sense that we maintain an 
upright position. It is through an educated and refined 
mnscular Bense that the juggler and the acrohat can 
perform their often surprising feats. Concerning the 
physiology of the muscular sense, we have at present no 
very definite knowledge. Some have held that we judge of 
muscular movements by the amount of effort required to 
|Ji)itiate them ; but it is much more probable that there are 
cial sensory nerves, whose terminations are either in 
i muscles themselves or in the membranes which sur- 
md them. 
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I We come now to the special senses. Of these we will 
I first the »en»c of totu^h. Through this sense we are 
made aware of bodies solid or liquid (or perhaps gaseous) 
which are actually in contact with the skin or its infold- 
1 at the mouth, nostrils, etc. There are considerable 
•a in the sensitiveness of the skin in different parts 
I its surface ; some parts, like the filmy membrane which 
JTB the eye, being very senaitive, while others, like the 
■ny skin that covers the heel of a man who is accustomed 
I much walking, are relatively callous. Different from 
this is the delicacy of the sense of touch. This deUcacy is 
really the power of discrimination, and therefore involves 
some mental activity. Cut it is also dependent upon the 
distribution of the recipient end-organs of the nerve. The 
highest pitch of delicacy is reached in the tip of the tongue, 
which is about sixty times as delicate as the skin of the 
back. The power of discrimination is tested in the follow- 
ing way: The points of a pair of compasses are blunted, 
u)d with them the skin is hghtly tonohed. When the 
Bjdnts are close together, the sensation is of one object; 
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advantage. Among thousands of independent yariations 
in the lengths of the bones there would be occasional com- 
binations of yariations, giving either increased length or 
increased breadth to the wing. In the noctule, the former 
would tend to be selected; in the horse-shoe, the latter. 
Thus the wing of the noctule would be lengthened, and that 
of the horse-shoe broadened, through the selection of for- 
tuitous combinations of yariations which chanced to be 
favourable. Now, each individual bone-variation is, we 
believe, due to some special cause ; but the fortunate com- 
bination is fortuitous, due to what we term " mere chance." 

Darwin believed that chance, in this sense, played a 
very important part in the origin of those favourable 
yariations for which, as he said, natural selection is con- 
stantly and unceasingly on the watch. And there can be 
little question that Darwin was right. 

We must now consider very briefly some of the proxi- 
mate causes of yariations. In most of these cases we 
cannot hope to unravel the nexus of causation. When a 
plexus of environing circumstances acts upon a highly 
organized Uving animal, the most we can do in the present 
state of knowledge is to note — we cannot hope to explain— 
the effects produced. 

All readers of Darwin's works know well how insistent 
he was that the nature of the organism is more important 
than the nature of the environing conditions. "The 
organization or constitution of the being which is acted 
on," he says,* **is generally a much more important 
element than the nature of the changed conditions in 
determining the nature of the variation." And, again,t 
** We are thus driven to conclude that in most cases the 
conditions of life play a subordinate part in causing any 
particular modification ; like that which a spark plays 
when a mass of combustible matter bursts into flame— the 
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Animals and Plants under Domestication,** toL IL p. 201. 
t Ibid. p. 282. The phenomena of the seasonal dimorphism of bntterfli^^ 
and moths show that changes of temperature (and perhaps moisture, etc.) 
aetermine very striking dififerencee in theso insects. 
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kre specially moclUied to form tactile cells, or tactile 
^corpuscles, in contact with or Bortounding the axis-fibre or 
I its espansion (Fig. 23). 
I ^ Haira are delicate organs of touch, though, of course. 




1. In Ibt bdk of % goDM. 



mHcnt^ry of a cit^ 



this is not their only function. They act as little lereia 
eznbedded in the skin. 

Taming now to the vertebrate animals other than 
raftn, we find in them a sense of touch closely analogous 
to our own. As in us, so in them, the specially mobile 
parts are eminently sensitive and delicate ; for instance, 
the tips in many animals, such as the horse, and the finger- 
like organ at the end of the elephant's trunk. In some of 
them special Lairs aro largely developed as organs of touch, 
as in the whiskers of the cat and the long hairs on the 
falibit'e lip. With the aid of these the rabbit finds its way 
>n tbe darkness of its burrow ; and it is said that, deprived 
ot tbtse organs, the poor animal blunders about, and is 
UQ&ble to steer its course in the dark. 

The wing of the bat is very sensitive to touch ; and it 
u supposed that it is through this sense that the bat is 
»tle to direct its course in the darkness of caves. Miss 
Carohne Bolton thus describes an experimental trial of 
"lis power of the bat at which she was herself present. 
4 room, about twenty foet by sixteen, was arranged with 
rttinga crossing each other in all directions so as to form a 
"ulwork with about sixteen inches space between the strands. 
^f> each string was attached a bell in such a way that the 
'UgUtest touch would make it ring. One corner of the room 
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origin. Superabundant vigour may well, I think, have 
been a source of origin, not only of secondary sexual charac- 
ters, but of many other forms of variation. 

And while these forms of variation may be the special 
prerogative of the male, we may perhaps see, in super- 
abundant female vigour, a not less important source of 
developmental and embryonic variations in the offspring. 
The characteristic selfishness of the male applies his surplus 
vitality to the adornment of his own person ; the charac- 
teristic self-sacrifice of the mother applies her surplus 
vitaUty to the good of her child. Here we may have the 
source and origin of those variations in the direction of 
fosterage and protection which we have seen to have such 
important and far-reaching consequences in the develop- 
ment of organic life. The storage of yolk in the ovum, the 
incubation of heavily yolked eggs, the self-sacrificing de- 
velopment in the womb, the elaboration of a supply of 
food-milk, — all these and other forms of fosterage may well 
have been the outcome of superabundant female vigour, 
the advantages of which are thus conferred upon the 
offspring. 

We may now proceed to note, always remembering thfe 
paramount importance of the organism, some of the effects 
produced by changes in the environment. 

The most striking and noteworthy feature about the 
effects of changes of climate and moisture, changes of 
salinity of the water in aquatic organisms, and changes 
of food-stuff, is that, when they produce any effect at 
all, they give rise to definite variations. Only one or 
two examples of each can here be cited. Mr. Merrifield,* 
experimenting with moths (Selenia iUunaria and S. illm- 
traria), finds that the variations of temperature to which 
the pupaB, and apparently also the larvae, are subjected 
tend to produce ** very striking differences in the moths." 
On the whole, cold ** has a tendency, operating possibly 
by retardation, to produce or develop a darker hue in 

* "Incidental Observations in Pedigree Moth-breeding," F. Merrifield. 
Transactions Entomological Society, 1889, pt. i. p. 79, et seq. 
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tiie perfect ineect ; if bo, it maj, perhaps, throw eoiae 
liglit OQ the melaDism so often remarked Iq north -country 
eiamplee of widely distributed moths." Mr. Cockerell' 
regards moiBture as the determining condition of a certain 
(iliase of melanism, especially among Lepidoptera. The 
finine author states that the snail "Helix nemoralis was 
introduced from Europe into Lexington, Virginia, a few 
jeare ago. Under the new conditions it varied more than 
I have ever known it to do elsewhere, and up to the 
present date (1890) 1'25 varieties have been dincovered 
tbere. Of these, no less than 67 are new, and unknown 
in Europe, the native country of the specicB," The effects 
ut the salinity of the water on the brine-shrimp ArUmia 
liare already been mentioned. One species with certain 
charactetiBtics was transformed into another species with 
other characteristics by gradually altering the saltness of 
tlie water. So, too, in the matter of food, the effects of 
t«diiig the caterpillars of a Texan species of Satuniia on 
a new food-plant were so marked that the moths which 
ufflerged were reckoned by entomologists as a new species. 
The point, I repeat, to be especially noted about these 
owes and others which might be cited.t is that the varia- 
tion produced is a definite variation. Very probably it is 
(generally, or perhaps always, produced in the embryonic 
"t larval period of life. In some cases the variation seems 
lobe transmissible, though definite and satisfactory proofs 
frfthis are certainly wanting. Still, wo may say that if 
Ibeobanged conditions be maintained, the resulting varia- 
tion will also be maintained. Under these conditions, at 
Iiiast, the variation is a stable one. It is probable that, 
apart from preferential mating, the varieties thus produced 
will tend to breed together rather than to be crossed with 
llie parent form or varieties hving under different con- 
ditions. In this way varieties may sometimes arise by 

" NalMn, »ol. ili. p. 393. 

t See I'rofaisor Meliiols's edition of Pmfessnr WeiBmonn'a "Stndioe in 
Ififl Tboorr of Dcscoiit," and Mr. Cuntiiugliatu'i tntulatloo of Profewoi 

tz 
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gontiTiTttHJ and hi^nlthfirl ftrlfiTimmt of Ab jnicai of 

life. 



Tlie 4^iMe 0/ 6uA? ia called infio jiasf \f eocfami nfaUe 
fabstttoees, or liipxida, whkk mnBC eome in omtKt with 
the specialized nerve-^idiiigs* Undis wrtrmi^f cxztnn- 
fttaneai, the sense of taste is eloaeij iBBociai&ed wift tittt 
of smell, the result of the eomhinariiia <rf ft£ two spedii 
senf^es being a f.aic*>Hir. The ^^ifpiift of a ehcnK wxney the 
flavour of a peaeh, inrolTe both ssiaes ; ^paroBut imohes 
taate alone ; and garlie and vaziilla az« neaac^, if iu4 qiiite, 
tasteless, — what we call their taste is in reaiitftiBor action 
on the organ of smelL 

It is dlffienh to elassxfr tastes. Sweety biktEr» sslt^ 
aUcaline, sour, add, astringent, acrid, — these are tiie jffo- 
minent and characteristic Tarieties. 

This sense is generally localized in or near tiie month; 
in us mainly in the tongue. One manner, bat not the (Hily 
manner, in which the nerres in this region termimte is 
in the minute flask-shaped taste-biids» which haxe neir 
one end, where they reach the surface, a ftmnel-shap^ 
opening, the taste-p^re. They are made up of elongated 
; ^ cells, some of which near the caitre 

are spindle-shaped, and are called 

;K taste-cells. They are foond chiefly 

-^Sv; round the large circumvallatepi^riltoj 

'.^^/ but in the rabbit and some other 

-'^^-^ animals they are collected in th® 

folds of a little ridged or pleated patch 

^^' ^lalfci^"^ "^ — ^^ ^/^'^^« /o/idta— on each side 
f , fcctioB acrom put of the of the tongue near the cheek-teeth. 
tMU-bods foxtiKr enuriRi. * It is pTobsble that the stimnlatioB 

of the end-organs of taste is effected by the special mode of 
molecular vibration due to the chemical nature of tbo 
sapid substance. Mr. J. B. Hayeroft, in a paper read 
before the Royal Society of Edinburgh,* suggests that " ^ 
group of salts of similar chemical properties haye theis 

^ See abstnct in Isakwrt^ rd. xxxir. p. hW 
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heeales in a sunilar vibrating condition, giving rise to 
Ifflilar colonre and similar tastes." "Thus the chlorides 
d Bolphfites of a seriee of similar elements — called a 
Bnp of elements by Mendeljeff — ^bave similar tastes." 
I The delicacy of the sense of taste in man has been the 
nect of investigation by Messrs. E. H, S. Bailey and 
|L. Nichols.* They give the following table : — 



L QniLine- 






Mnle obserrerB deteclcil 


part 


n 3!)n,onO parte of water. 


FtminlB ,. 




15(;,e08 „ 








Mule obsairera 




189 „ 


Fenmlo ,. 


^) 


204 „ 


in. Snlphirio acid- 






Mule obscrvara „ 




2,080 „ 


FwQiUe „ 




3.280 „ 


IV. BicnrbonalenfaoJiani— 






Male obaervora „ 




08 .. 


Fein«le „ 




12ti „ 


T. ComiDOQ wiU~ 






Mule obBBrrera „ 




2.2*0 ., 


Female „ 


„ 


1,980 „ 



rhe above figures represent means or averages of a 

ht nnmber of individuals. There was very considerable 

MtioD for Eome tastes. In the case of the bitter of 

bioe, the masimum delicacy was the detection of 1 part 

IS,120,000 parts of water; the minimum 1 part in 

KOOO parts of water. Except in the case of salt, the 

« was more delicate in women than in men. It is not 

d whether the men tested were smokers. 

tit does not seem necessary to say anj'thing concerning 

■ Beose of taste in the lower mammalia. 

I'ln birds and reptiles the sense of taste does not appear 

» highly developed. Parrots are, perhaps, better off 

hie respect than the majority of their class ; and the 

8 have special organs on the edges of the beak, which 

"^em to minister to this sense. A python at the Zoological 

"Wdf-ns, partially blind owing to a change of skin, is said 

*" have struck at an animal, but to have only succeeded 

* See Mature, TOl. isxvii p. S57. 
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in capturing its blanket. This, bowever, it constricted, 
and proceeded to swallow with abundant satisfaction. 

It may here be mentioned that the scales and skin d 
many fishes are provided with sense-organs which yerj 
closely resemble the taste-buds of higher animals. They 
occur in the head and along the " lateral line " which nmi 
down the side of the fish, and may be readily seen, for 
example, in the cod. Mr. Bateson*s * careful observations 
at Plymouth gave, however, no indication of the possession 
of an olfactory or gustatory function, and their place in 
the sensory economy of the fish remains problematical. In 
or near the mouth similar end-organs are found to be some- 
what variously developed in different fishes — on the palate 
and lips, on the gill-bars, more rarely on the tongue, and on 
the barbels of the rockling and the pout. How far any or all 
of these have a gustatory function remains to be proved. 

Anglers and fishermen, however, from their everyday 
experience, and naturalists from special observations, do 
not doubt that fishes have a sense of taste. Professor 
Herdman*s recent experiments on feeding fishes with nndi* 
branchs t (naked molluscs) seem to show, for example, that 
the fishes concerned, including shannies, flat-fish, cod, 
rockling, and others, have a sense of taste leading them 
to reject these molluscs as nasty. They show, too, that 
some of the nudibranohs (Doris, Ancula, Eolis) are pro- 
tected by warning coloration. 

Our knowledge of the sense of taste among the lower 
(invertebrate) animals is imperfect, and is largely based 
rather on observation of their habits than on the evidence 
of anatomical structure. Here, again, comes in the 
difficulty of distinguishing between taste and smell. Bat 
even if the caterpillars which refuse to eat all but one or 
two special herbs, or the races of bloodsuckers which seem 
to have individual and special tastes, are guided in part 
by an olfactory sense, there is much evidence which seems 

* ** Bensc-OrganB and Perception of Fislies : " Journal of Marine Bio- 
logical Association, New Series, vol. i. No. 3, p. 225. 
t Naiurty vol. xlii. p. 201. 
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to admit of no alternative explanation. Moisten, for 
Mample, the antennee of a cockroach with a Bohition of 
EpBom salts or qninine, and watch him Buck it off ; or 
rejieat F. Will's experiments on bees, tempting them with 
nugar. and then perfidiously substituting ponnded alum. 
The way in which these little insects splatter and spit 
BOggeste that, whatever may be the psychological effect, 
the phyaiological effect is analogous to that produced in 
na by an exceedingly nasty taste. Here smell would seem 
fo be excluded. Forel, moreover, mixed strychnine with 
t«ney, and offered it to his ants. The smell of the honoy 
attracted them, but when they began to feed, the effect of 
the taate was at once evident. 

The organs of taste in insects are probably certain 
minute pits, in each of which is a dehcate taste-hair, 
which, in some cases, is perforated at the free end. They 
oectir in the maxills and tongue in ants and bees, and on 
the proboscis of the fly. 

In many of the invertebrates, the crayfish and the earth- 
Worm, for example — to take two instances from very different 
groups — observation seems to show that a sense of taste is 
developed, for they have marked and decided food-pre- 
Nevertheless, the existence of special organs for 
his purpose has not been definitely proved. 

The sense of taste no doubt ministers to the enjoyment 

' life. But, presumably, it has been developed in sub- 

**rvience to the process of nutrition. Primarily, taste was 

lot an end in itself, but was to guide the organism in its 

I Miectiou of food that could be assimilated. Nice and nasty 

I "we at first, and still are to a large extent, synonymous 

[*th good-for-cating and not-good-for-eating, With «n- 

onted substances, however, its testimony may be false. 

■ of lead is sweet, but fatal. Brought to a new 

Wiitry, cattle often eat, apparently with relish, poisonous 

uits. still, under normal circumstances, the testimony 

IF taste is reliable. 



The tente oj smell ie, to a large extent, teliesthetic. It 
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is true that the stimolation of the end-organs is effected by 
actual contact with the odoriferous vapour. But since this 
vapour may be given off from an odoriferous body at some 
distance from the organism, such as a flower or a decom- 
posing carcase, it is clear that the sense gives informatioa 
of the existence of such bodies before they thenuaelves come 
in contact with us. Primitively, we may suppose that it 
was developed in connection with that sense of taste with 
which, as we have seen, it is so closely associated. Ixt this 
respect smell is a kind of anticipatory taste. But it has 
now other ends, apart from those which are purely ffisthetie. 
In us it may serve as a warning of a pestilential atmo- 
sphere; in many organisms, such as the deer, it gives 
warning of the presence of enemies ; in many again, and 
some insects among the number, it is the guiding sense in 
the search for mates. 

The organ of smell in ourselves and in all the mammalift 
is the delicate membrane that covers the turbinal bones in 
the nose. It contains cells with a largish nucleus, around 
which the protoplasm is mainly collected. A filament 
passes from this to the surface, and ends in a fine hair or 
cilium (or a group of hairs or cilia in birds and amphibia); 
a second filament runs downwards into the deeper parts of 
the tissue, and may pass into a nerve-fibril. 

In us and air-breathing creatures, the substance which 
excites the sensation of smell must be either gaseous or in 
a very fine state of division ; but in water-breathers the 
substance exciting this sensation — or, in any case, one of 
anticipatory taste — may be in solution. The sensitiveness 
of the olfactory membrane is very remarkable. A grain of 
musk will scent a room for years, and yet have not sensibly 
lost in weight. Drs. Emil Fischer and Penzoldt found 
that our olfactory nerves are capable of detecting the 
4117501)017 P*^ o^ ^ milligramme of chlorophenol, and the 
4'«TO()oouiTtF P^rt of ^ milligramme, or about one thirty- 
thousand-millionth of a grain, of mercaptan. It may be 
that to such substances our olfactory sensibility is especially 
delicate. 
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Eot much ia knowQ coneerning the manner in wliioh 
ad-organs of smell are stimulated. As in the case of 
. it is probably a matter of molecular vibration ; and 
ProfeBsor "WJlUam Eamsay has saggeeted that the end- 
organs are stimulated by vibrations of a lower order than 
those which give rise to Benaations of light and heat. He 
has also drawn attention to the fact that to produce a 
•oosation of smell, the substance must have a molecular 
;ht at least fifteen times that of hydrogen. ,'V 

', It ia well known that the eenae of smell is in some of 
t mammalia exceedingly acute. The dog can track hia 
r through a crowded thoroughfare. The interesting 
riments of Mr. Romaneis • show that, under ordinary 
Pitions of civilized life, the smell of boot-leather ia a 
br.'and the dog tracks his master's boots. In one case, 
I boots were soaked in oil of aniseed, but this to as 
Ferfnl scent did not overcome the normal odour of 
I master's boots. Mr. W. J. Eussell, in a subsequent 
nber of the same periodical, describes how his pug could 
\ small piece of biscuit by scent, and this odour of 
nit was not overmastered by a strong smell of eau-da- 
I)eer-Btalker8 know well how keen is the senae 
%mell in the antlered ruminants. 
We must not, however, be too ready to conclude, from 
these observations, that the olfactory membrane is absolutely 
more eeneitive in such animals than it is in man. It may 
■well be that, though they are so keen to detect certain 
scents, they are dull to those which affect us power- 
fully. It is quite possible that the odour of aniseed or 
eau-de-Cologne is — possibly from the fact that their end- 
organs are not attuned to these special molecular vibrations 
— out of their range of smell. Their special interests in 
life have led to the cultivation of extreme sensibility to 
special tones of olfactory sensation. Under unusual cir- 
matanceg, man may cultivate unwonted modes of utilizing 
3 of smell. A boy, James Mitchell, who was born 
nd, deaf, and dumb, and who was mainly dependent on 
• Sainn, ToL usri. p, 273. 
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the sense of smell for keeping 19 mne wmfflim with the 
external world, observed the pfesence of m stnnga in ttw 
room, and formed his opinion of people from &ar diane- 
teristic smell. On the whole, tiierclase, we ntaj, perinps, 
conclude that the variations in weDaaSaxeuBBB mre maiolf 
relative to the needs of life. 

In birds the sense of smell is but little derdoped* not- 
withstanding all that most interesting nalormlist, Qiaiks 
Waterton, wrote on the subject. Ynltmes seem nnabk to 
discover the presence of food wfaieh is hidilen from their 
sight. Probably reptiles share with them this dolnesB of 
the sense of smell. 

It has already been remarked that, in the ease of 
aquatic animals, there is probably little distinction between 
taHt(} and smoll. It would be well, perhaps, to restrict the 
word '' smell " to the stimuli produced by vapours or air- 
borne particles, and to use the phrase " teleesthetio taste,** 
or simply " taste," for those cases where the effects tie 
produced through the medium of solution. In this case, 
liowc^vor, the point to be specially noticed is that taste in 
aquatic animals becomes a telsBsthetic sense, informing the 
organism of the presence of more or less distant food. 
TliUM, if you stir with your finger the water in whiA 
)<!(kj1u;s arc living, they will soon flock to the spot, showing 
iliat thn tehcHthotic sense is associated with an appreciation 
of direction. If a stick be used to stir the water, they do not 
takci any notice of it. Mr. W. Bateson * has shown that 
thoro aro many fishes, among which are the dog-fish, 
Hkiito, conger eel, rockling, loach, sole, and sterlet, which 
habitually Hock their food by scent (telsBsthetic taste), aided 
to Honio extent by touch, and but little, if at all, by sight 
** None of those fishes ever starts in quest of food when it is 
first put into the tank, but waits for an interval, doubtless 
until the scent has been diffused through the water. 
Having perceived the scent of food, they swim vaguely 
about, and appear to seek it by examining the whole area 
l)erva(led by the scent, having seemingly no sense of the 

* Journul of Marino Biological Association, New Series, vol. L No. 3, p. 235. 
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Ind the ports are so arranged tbat the Tibrations, in 
ssing from the oval to the round membrane, must rnu 

p oue side and down the other side of the cochlear canal. 

) they run down they Bet in vibration a delicate mem- 
ue which 13 supported on beautiful arched rods (the 







igons of Corti). And thia mcimbrane contains a number 

r special hair-cella, so called because they bear minute 

hair4ike struetures. These are the special end-organs of 

hearing. It has been suggested that the fibres of the 

membrane on the arched rods, which are of different 

kleogthB and may be stretched with differing degrees of 

||«tlsioti, respond to vibrations of different pitch. Thus the 

[hftiT'cells on that particular part of the membrane would 

BIm stimulated, and the note might be appreciated in its 

Virae position in the scale, 

We must now pass on to consider the sense of hearing " 
anitnals. That the mammalia have this sense well 
Bdeveloped is a matter of familiar observation, and in some 
|0f them, such as the horse and the deer, it is exceedingly 
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hive into a state of commotion. He was of opinion that 
the impunity with which his assistant, Francis Bomens, 
performed his various operations on bees was due to the 
gentleness of his motions, and the habit of repressing his 
respiration, it being the odour transmitted by the breath to 
which the bees objected. Sir John Lubbock formed a little 
bridge of paper, and suspended over it a camel's-hair bnuh 
containing scent, and then put an ant at one end. She 
ran forward, but stopped dead short when she came to the 
scented brush. Dr. McGook introduced a pellet of blotting- 
paper saturated with eau-de-Cologne into the neighbour- 
hood of some pavement-ants, who were engaged in a free 
fight. The efifect was instantaneous ; in a very few seconds 
the warriors had unclasped mandibles, relaxed their hold 
of their enemies' legs, antennes, or bodies. 

The correct localization of the sense of smell has been 
a matter of difficulty. Kirby and Spence localized it at 
the extremity of the '' nose," between it and the upper Up. 
That the nose, they naively remark, corresponds with the 
so-named part in mammalia, both from its situation and 
often from its form, must be evident to every one who looks 
at an insect. Lehman, Guvier, and others, misled by the 
fact that the organ of smell is in us localized at the 
entrance of the air-track, supposed that at or near the 
spiracles of insects were the organs of smell. Modem 
research tends more and more clearly to localize the sense 
of smell, as first suggested by Reaumur, in the feelers or 
antennae, and in some cases also in the palps. If the 
antennae of a cockroach be extirpated or coated with 
paraffin, he no longer rushes to food, and takes little notice 
of, and will sometimes even walk over, blotting-paper 
moistened with turpentine or benzoline, which a normal 
insect cannot approach without agitation. There can be 
little doubt that it is by means of its large branching 
antennae that the male emperor moth (Saturnia carpini) is 
able to find its mate.* If a collector take a virgin female 

* Mr. S. Klein montions a similar fact in coanection with Bombyz queretu 
(Suture^ voL xxxv. p. 282). 
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me tap against an opaque glass plate Btandiiig vertically 
the water." Carp at Potsdam are, indeed, said to come 
be fed at the sound of a bell. But Mr. Bateson woU 
larks that this " can scarcely be taken to prove that the 
id of the hell waa heard by them, unless it be clearly 
iven that the person about to feed them was hidden from 
leir sight." There is clearly room for further observation 
id experiment in this matter. 

Tnming to the invertebrata, we find, even in creatures 
! low down in the scale of life as jelly-fish, around the 
largin of the umbrella in certain medusie, simple auditory 
In some cases they are pits containing otoliths 
tinute calcareous or other bodies, which are supposed to 
I set a-danee by the sound-vibrations) ; in others there is 
closed sac with one or more otoliths ; in others, again, 
ley are modified tentacles, partially or completely enclosed 
; a bood. All these are generally regarded as auditory, 
here being specially modified cells of the nature of hair- 
cells. We shall see, however, that another interpretation 
' organs containing otoliths is at any rate possible. For 
le present, we will follow the usual interpretation, and 
them as auditory. 
Vesicular organs containing otoliths are found near the 
rebral ganglia in some of the worms and their relations, 
it the common earthworm, though it appears to be sonsi- 
ive to sound, does not appear to have any such organs. 

MoilUBcan shell-fish are generally provided with auditory 
rgauB. In the fresh-water mussel it is found in the 
inscalar foot. It can be more readily seen in the Ci/claa, 
the transparent foot of this small mollusc be examined 
oder the microscope. It is a small sao containing an 
bolitb. Mr. Bateson found that the mollusc Anomia "can 
9 made to shut its shell by smearing the finger on the 
loss of the tank so as to make a creaking sound. The 
nimals shut themelves thus when the object on which they 
era fixed was hung in the water by a thread." In the 
oail and its aUies the auditory sac is found in close 
jnnection with the nerve-collar that surrounds the gullet. 
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Fig. 28.-Tail of Jfym. 
aw., Auditory organ. 



In the cuttle-fishes it is found embedded in the cartilBge fi 
the head. 

In the lobster or crayfish the auditory organs are found 
at the base of the smaller feelers or antennoles. They are 
little sacs formed by an infolding of the external integmneDt 
(see Fig. 26, p. 259). BeaatifoUy feathered anditoiy hain 
project into the sac along specialized ridges, and the sac 
in many cases contains grains of sand which play the part 
of otoliths. Hensen seems to have proved that shrimps 
collect the grains of sand and place them in the anditoiy 

sac for this purpose. The 
curious shrimp-like 3/^nt has 
two beautiful auditory sacs in 
its tail. These are provided 
with auditory hairs. Hensen 
watched these under the micro- 
scope while a musical scale vas 
sounded, and found that the special hairs responded each 
to a certain note. When this particular note was sounded 
the hair was thrown into such violent vibration as to become 
invisible, but by other notes it was unaffected. 

Passing now to insects, we may first note that grass- 
hoppers and crickets have an auditory organ on the front 

leg. These are provided with tympanic mem- 
branes, and the breathing-tubes, or tracheie, 
are so arranged that the pressure of the air 
is equalized on the two sides of the mem- 
brane — just as in us and other vertebrates the 
same end is effected by a tube which runs 
from the interior of the drum of the ear to the 
Fig. 29.— LeR mouth-cavity (see Fig. 27). In the organ within 
il^i^mL- tl^^ leg there is a group of cells, followed by a 
brane. j.^^ qJ similar cells which diminish regularly in 
size from above downwards. Each is in connection with a 
nerve-fibril, and contains a delicate auditory rod. It has 
been suggested that the diminution in size of the cells may 
have reference to the appreciation of different notes, but 




nothing definite is known on the matter. Ants, too, have 
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an auditory organ, as shown by Sir John Lnbbook, in the 
tibia of tbe firont leg. But in locusts it is situated on the 
first segment of the abdomen. In flies there are a number 
of vesicles, generally regarded as auditory (but by some aa 
olfactorj-), at the base of the rudimentary hind wings — the 
ao-called balteres, or balaDoer». 

Observation seems to point to tbe fact that in most 
insects the sense of hearing is lodged in the feelers, or 
&iiteniiK), Eirby made the following observation on a little 
Motli : " I made," bo says, " a quiet, not loud, but distinct 
toise; the antenna nearest to me immediately moved 
Wards me. I repeated the noise at least a dozen times, 
and it was followed every time by the same motion of that 
organ, till at length the insect, being alarmed, became 
more agitated and violent in its motions." Hicks wrote, 
1 1859, " Whoever has observed a tranquilly proceeding 
csprioorn beetle which is suddenly surprised by a loud 
ind, will have seen how immovably outward it spreads 
Is aDtennm, and holds them poiTect, aa it were, with great 
Ittention, as long as it listens." The same observer 
Mribfd certain highly speoialized organs in the antenujB 
■ the bjmenoptera (ants, bees, and wasps), which he thus 
wribes; " They consist," ho says, "of a small pit lead- 
% into a delicate tube, which, bending towards the base, 
tetes into an elongated sac having its end inverted." Of 
le remarkable organs, Sir John Lubbock says there are 
Wt twelve in tbe terminal segment, and he has suggested 
it they may serve aa microscopic stethoscopes. 
[ Mayer, esperimenting with the feathered antenna of 
» male mosquito, found that some of tbe hairs were 
ftiwn into vigorous vibration when a note with 612 
rations per second was sounded. And Sir John Lubbook, 
I quotes this observation, adds,* "It is interesting 
it the ham of the female gnat corresponds nearly to this 
\ and would consequently set the hairs in vibration." 
I same writer continues, " Moreover, those auditory 
> moat affected which are at right angles to the 
" Hemufi or Animals," p. 1 17. 
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direction from which the Bound comes. Hence, from the 
position of the] antennas and the hairs, a sound would act 
most intensely if it is directly in front of the head. 
Suppose, then, a male gnat hears the hum of a female at 
some distance. Perhaps the sound afifects one antenna 
more than the other. He turns his head until the two 
antennsB are equally affected, and is thus able to direct his 
flight straight towards the female." 

It is difficult to determine the range of hearing in the 
lower organisms. But it is quite possible, nay, very 
probable, that the superior limit of auditory sensation is 
much more extended in insects than it is in man. We know 
that many insects, such as the cicadas, the crickets and 
grasshoppers, many beetles, the death's-head moth, the 
death-watch, and others, make, in one way or another, 
sounds audible to us. But there may be many insect- 
sounds — we may not call them voices — ^which, though 
beyond our limits of hearing, are nevertheless audible to 
insects. At the other end of the scale, on the other hand, 
slow pulsations may be appreciated — for example, by 
aquatic creatures — by means of what we term the auditory 
organs, in a way that is not analogous to the sensation of 
sound in us. It may be noted that auditory organs are 
dotted about the body somewhat promiscuously in the 
various invertebrates. We have seen that auditory organs, 
or what are generally believed to be such, are found in the 
foot of bivalves, in the antennules of lobsters, in the fore 
legs of crickets and ants, in the abdomen of locusts, in the 
balancers of flies, and in the tail of Mysis. But when we 
come to consider the matter, there is no reason why the 
organ of hearing should be in any special part of the body. 
The waves of sound rain in upon the organism from all sides. 
There is no great advantage in having the organs of hearing 
in the line of progression, as with sight, where the rays 
come in right lines ; nor in having them in close association 
with the mouth, as in the case of the organ of smell. 

Closely connected with the organ of hearing in vertebrates 
is the organ of another and but recently recognized sense. 
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In briefly describing the auditiiry apparatus in man, mention 
■rati made of three curved membmuoUB loops, the so-called 
lemicircalar canals. A few more words must now be said 
ftboat tbem and the membranous sa« with which they are 
Donnected. 

The aac lies in a somewhat irregular cavity in n bone 
the side of the head, in the walls of which are five 
openings leading into curved tunnels in the bone in which 
lie the membranous loops. The planes in which the three 
Bemicircular canals lie are nearly at right angles to each 
other, and they are called respectively the horizontal, 
the Btiperior, aud the posterior. The two latter unite at 
one end before they reach the sac ; hence there are five, and 
not six, openings into the cavity. At one end of each semi- 
circalar canal is a swelling, or ampulla, in each of which is 
a ridge, or crest, abundantly supplied with hair-cells. And 
in a little reeeaa in the sac there is, occupying its floor, its 
front wall, and part of its outer wall, a patch of hair-cells 
covered by a gelatinous material with numerous small 
crjstalUue otoliths. The only other point that calls for 
notice ia that the membranous sac does not fit closely in 
the bony cavity in which it lies, while the diameter of the 
imbranous semicircular canals is considerably less than 
bt of their bony tunnels, except at the ampuUffi, or swellings. 
lere they fit pretty closely. Both the bony cavity and the 
imbranous labyrinth (as it is called) are filled with fluid. 
From its close connection with the organ of hearing, 
is apparatus was for long regarded as in some way 
auditory in its function, and it was surmiKed that it enabled 
us to perceive the direction from which the sound came. 
But bow it could do so was not clear. In 1820 U. 
lurena made the observation that the injury or division 
a membranous canal gave rise in the jiatient to rotatory 
ivements of the animal round an axis at right angles to 
plane of the divided canal ; and he, therefore, suggested 
t the canals might he concerned in the co-ordination of 
vement. They are now regarded as the organs of a 
;e of rotation or acceleration. 
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That we have such a sense of rotation has been proTed 
experimentally.* Let a man, blindfolded, sit on a smooth- 
running turn-table. When it begins to rotate he feels that 
he is being moved round, but if the rotation be continned 
at the same rate, this feeling quickly dies away. If the 
rotation be increased, he again feels as if be were being 
moved round, but this again soon dies away. Further in- 
crease gives a fresh sensation, which in turn subsides, and 
the man may then be spinning round rapidly, and be per- 
fectly unconscious of the fact. He is only aware that he has 
been gently turned round a little two or three times. Now 
let the speed of rotation be slackened. He has a sensation 
of being gently turned round a little in the opposite direction. 
Each time the speed is lessened he has this sense of being 
turned the reverse way. From these experiments we see 
that what we are conscious of is change of rate of rotation, 
or, in technical language, acceleration, positive or negati?e. 

From Professor Crum Brown's paper in Nature I tran- 
scribe, with some verbal modifications, his account of bow 
the semicircular canals enable us to feel these changes of 

SC 





Fig. 30. — Diagram of semicircular canals. 

A. bony labyrinth of human ear (after Summering), c, c, the cochlea; tjc.t supfrior 
semicircular canal ; p.c, posterior isomicircular canal ; A.c, horizontal eiemicircnlar can»l; 
a, a, a. their «wellinK8, or ampullfiR; /.o., /.r., fenestra ovoJis and rotunda (oval and round 
windows) in the ve'slibule. 

B. diagram of semicircular canal to illustrate effect of rotation. The large arrows indioK 
the din'ction of tho rotation. The small arrow to the left indicates the resulting flow of tbf 
limcr fluid into the ampulla; that to the right, the flow of the outer fluid into the vestibule. 

motion. Let us consider the action of one canal. If the 
head be rotated about a line at right angles to the plane of 
the canal, with the ampulla leading, there will be a tendency 

♦ See a very interesting and lucid paper by Professor Cruni Brown, whoee 
name is intimately connected with this subject, in Nature, vol. xL p. 449. 






for the flnid witliin the sac to flow into tbe ampulJa, and 
for tbe fluid around tbe semicircular canal to fluw into tbe 
cavity ill which the sac lies. These movements will con- 
spire to stretch tbe membranous ampulla, and thus to 
stimulate the hair-cells. This stretching will not take 
place in that canal if tbe rotation he in the reverse direction. 
But on tbe opposite side of the bead is another canal in 
the same plane, but turned tbe other way. In the reversed 
rotation the ampulla in this canal will lead, and its hair- 
cells will be stimulated. Thus by means of the two canals 
on either side of the head iu the same plane, rotation in 
either direction can be appreciated. And since there are 
two other pairs of semicircular canals in two other planes, 
itstiou in any direction will be recognized by means of 
le or more of tbe six cauals. 

It is thus by means of tbe semicircular canals that we 
appreciate acceleration of rotatory motion.* But we 
can also appreciate acceleration of movements of translation 
— forwards or backwards, up or down. And Professor 
Mach has snggested that it is through the stimulation of 
the hair-cells in the patch in tbe sac itself (tbe so-called 
macula aciigtka) that we are able to appreciate these changes. 
The otoliths, held loosely and Hghtly in position by tbe 
gelatinous substance in which they are embedded, may, 
through their inertia, aid in tbe stimulation of the sense- 
liairs. 

And this naturally suggests the qnestion whether those 
sense-organs in tbe invertebrates which contain otoliths 
may not he regarded with more probability as organs for 
the appreciation of changes of motion than as auditory 
organs. This for some years has been my own belief. I 
have always felt a difficulty in understanding bow the 
'lOtolitbs are set a-dance by auditory vibrations. But their 
mertia would materially aid in the appreciation of changes 
of motion. In some forms the otoliths are held in suspen- 
sion in a gelatinous material. In others—the mollusca, 

• II ii inlenating lo nole ihnt in the l)lind-6Bh (AmhIyojiiU »f»d«u<) tlie 
■onicirenlu canals are, aecording to Wj man, nnusuull; large. 
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for example — ^the otolith (which is generally single) is 
retained in a free position by ciliary action. In aqaatie 
creatures an organ for the appreciation of changes of 
motion might be of more service than an auditory organ. 
And if one be permitted to speculate, one may surmise that 
the sense of hearing may be a refinement of the sense 
through which changes of motion are appreciated. First 
would come a sense of movements of the organism in the 
medium through the stimulation of the sense-hairs by 
the relative motion of the otolith ; then these sense-hairs, 
with increased delicacy, might appreciate shocks in the 
medium; and, eventually, those more delicate shocks 
which we know as auditory waves. In this way we might 
account for the fact that in the vertebrates the same 
organ, through dififerent parts of its structure, appreciates 
both change of motion and auditory vibrations. And thus 
the organs in the invertebrata which are generally regarded 
as auditory, and for which has been suggested the function 
of reacting to changes of motion, may, in truth, subserve 
both purposes — may be organs in which the differentiation 
I have hinted at is taking place. 

»S////if, like hearing, is a telsesthetic sense. Through it 
we become aware of certain vibratory states of more or less 
distant objects. The medium by means of which these 
vibrations are transmitted is not, as in the case of hearing, 
the air, but the aether which pervades all space. The rate 
of transmission is about 186,000 miles in a second. That 
which answers in vision to pitch in hearing is colour. The 
lowest, or gravest, light-tone to which we are sensitive is 
deep red, where the number of -vibrations per second is 
about 370 billions (370,000,000,000,000). The highest, or 
most acute, light-tone is violet, with about 833 billion 
vibrations in a second. If white light be passed through 
a prism, the rays are classified according to their vibration- 
periods, and are spread out in a spectrum, or band of 
rainbow colours. But different individuals vary, as we 
shall presently see, in their sensibility to the lowest and 
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-the highest vibrntionB. Some people are, moreover, 
relatively or absolutely insensible to cfcrtiun colours, 
generally either red or green. Such persons are said to 
be colour- blind. When the rainbow colours are combined 
m dtte proportion, or when pairs or sets of them are com- 
luned iu certain waya, white light is produced. 

We saw that in the case of sound-waves, when the 
number of vibrations in a second is doubled, the sound is 
mised in pitch by an octave. Using this term in an 
koalogouB way for colour-tones, we may aay the range in 
Hverage vision is about one octave — that is, from about 
400 bUhon to about 800 billion vibrations in a second. 
But, though these are the limits in human vision, we know 
of the exietenee of many octaves of radiant energy 
physically in continuity with the light-vibrationa. Photo- 
graphy has made us acquainted with ultra-violet vibrations 
up to about 1600 billions per second — an octavo above the 
violet. And Professor Langley's observations with the 
bolometer indicate the esistence of waves with as low a 
vibration-period as one billion per second, and even here, 
in all probabiUty, the limit has not been reached. To the 
vibrations more rapid than those that are concerned in 
I the sensation of violet, the human organism is apparently 
■ no manner sensitive. But to infra-red vibrations down 
B about thirty billions per second the nerves of the skin 
ipond through the temperature-sense. We shall have to 
to these limits of sensation at the close of this 
ikpter. 
The human eye is a nearly spherical organ, capable of 
Blolerably free movements of rotation in its socket. What 
I may call the outer case, which is white and opaque 
Babewhere, is quite transparent in front. Through this 
iDsparent window may be seen the coloured iris, in the 
ntre of which is a circular aperture, the pupil. The size 
I the pupil changes with the amount of light — it dilates 
r oontracts, according as the light is less or more intense. 
Bust behind it, and still in the front part of the eye, is the 
ifiparent lens, the convexity of the anterior surface of 
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which can be altered io the accommodation of the organ 
for near or far Tision. The space between the lens ud 




iris and the corneal window of the eye Ib filled with a 
watery fluid. Behind the lens there is a transparent, semi- 
t, fluid, jelly-like material, filling the rest of 

the chamber of the eye. At the back of the 
eye is spread out the sensitive membrane 
— the retina. The stmcture of this mem- 
brane is very complicated, and camiot be 
described here. It is, however, indicated 
in Fig. 32. For our present purpose it is 
sufBcient to note that here are the end- 
organs of the optic nerve ; that these con- 
^ aiBt of anumber of delicate rods andconee; 

tiice;e i-nlaipii and that these rods and cones do not face 
fniemeuL^ miuute ^^ ^jjg direction from which the light comes, 
I bickufreiinincit but facc towards the back of the eyeball, 
iMver of rod> iDd cunM nhere a pigmented substance is developed. 
[(c iMpr of'^nii'" The rays of light are thus focussed through 
nerve Bbrfil/ (i-ini''t the retina ou to this pigmented substance; 
tuwirdi uh! pupil the ends of the rods and cones are stimn- 
lutt'd ; and the stimulation is handed on, augmented in 
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certain intermediate ganglia, to the delicate transparent 
nerve-fibres in the front of the retina. These collect to a 
wrtain spot, where they pass tbroagh the retina to form the 
optic nerve. Where they pass through the retina there can, 
of course, be no rods and cones. And in this spot there is 
no power of vision. It is the blind spot. The reality of its 
existence can easily be proved. Make a dot on a piece of 
writing-paper, and about three inches to the left of it place 
a threepenny or sixpenny bit. Close the right eye, and look 
with the left eye at tbe dot. The sixpenny bit will also be 
seen, but not distinctly. Keep the eye fixed on the dot, 
and move the head slowly away from the paper. At a 
distance of about ten inches the coin will completely dis- 
appear from view. Its image then falls on the blind spot. 

The organ of vision, then, in us consists of on essential 
sensory membrane, the retina, with its delicate rods and 
cones ; and an accessory apparatus for focussing on inverted 
image on to the sensitive surface of the retina. The 
surface is not, however, equally sensitive, or, in any case, 
does not give an equal power of discrimination, throughout 
its whole extent. This is seen in the experiment above 
described. When we look at the dot wo see the coin, but 
eot distinctly. The area of cleaj and distinct vision is, in 
fa«t, very small, constituting the yellow spot about -,^ of 
an inch (2 millimetres) long, and .^ of an inch ('8 milli- 
metre) broad. And even within this small area there is a 
still more restricted area of most acute sensibility only ■^\^ 
of an inch ('2 millimetre) in diameter. Nevertheless, 
within this minute area there are some two thousand 
cones, the rods being here absent. In carefully examining 
an object we allow this area of acute vision to range over 
Hence the extreme value of that delicate mobility 
Ich the eye possesses — a mobility that is accompanied 
iuiuscular sensations of great nicety. 
I We saw that the sense of touch in the tongue is 
"iciently dehcate to enable us to recognize, as two, 
inis of contact separated by ^}^ of an inch (I'l Inilli- 
tre). What, in similar terms, is the delicacy of sight ? 
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At what distance apart, on the most delicate part of the 
retina, can two points of stimulation be recognized as dis- 
tinct from each other ? If the points of stimulation be not 
less than ^^j^ of an inch (*004 millimetre) apart, they 
can be distinguished as two. Below this they fuse into 
one. The diameter of the end of a single cone in the 
yellow spot is also about ^^ of an inch (*0045 millimetre). 

With regard to the mode in which the stimulation of 
the retinal elements is effected, we have no complete know- 
ledge. Certain observations of BoU and Eiilme, however, 
show that when an animal is killed in the dark the retina 
has a peculiar purple colour which is at once destroyed if 
the retina be exposed to light. If a rabbit be killed at the 
moment when the image, say, of a window, is formed on 
the retina, and the membrane at once plunged in a solution 
of alum, the image may be fixed, and an '^ optogram " of 
the window may be seen on the retina. The discharge of 
the colour of the retinal purple may be regarded as the 
sign of a chemical change effected by the impact of the 
light-vibrations. But in the yellow spot there seems to be 
no visual purple. It is, indeed, developed only in the rods, 
not in the cones. Here, probably, chemical or metabolic 
changes occur without the obvious sign of the bleaching of 
retinal purple. In the dusk-loving owl the retinal purple 
is well developed, but in the bat it is said to be absent. 

We saw that in the case of hearing the auditory organ 
is fitted to respond to air-borne vibrations varying from 
about thirty to thirty thousand per second. And though 
the details of the process are at present not well under- 
stood, it is believed that certain parts of the recipient 
surface are fitted to respond to low tones, other parts to 
intermediate tones, and yet others to high tones. Thus 
the reception is serial. If there be two pianos near each 
other, accurately in tune, any note struck on one wUl set 
the corresponding note vibrating in the other.* The 
auditory organ may be likened to this second piano. 
Special parts respond to special tones. 

* The dampere must, of course, be lifted by depressing the loud pedal. 
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Now, in the c&se of vision, the conditioiiB are different. 
"he receptiou cannot be aerial. As I range my eye over 
i flower-bed, I bring the area of distinct vision on to a 
pomber of different colours, and these are seen to be dia- 
inct, though they are received on the same part of the 
lettual surface. It might, perhaps, be suggested that 
icial cones were set apart for each shade of colour. But 
jhere are only Bome two thousand cones in the central area 
f most acute vision, and Lyons silk-manufacturers prepare 
a cards containing as many shades of coloured silks. 
> that there would be only one cone to each colour. And 
Herschcl thought that the workers on the mosaics of the 
Vatican could distinguish at least thirty thousand different 
shades of colour ! There are also many phenomena of 
colour-blending which show that colour-reception cannot 
in any sense be serial. 

How, then, are we to account for our wide range of 

eolour-sensation ? Just as the blending by the artist on 

his palette of a limited number of pigments gives him the 

wide range of colour seen on his canvas, so the blending of 

A few colour-tones may give ua the many shades we are 

I able to distinguish. The smallest number of fundamental 

^^Boloar-tonea which will fairly well account for the pheno- 

^noeoa of colour-vision, is three. And these three are red, 

^^green, and blue or violet. These are the three so-called 

' primary colours. All others are produced from these 

elements by blending. 

To explain our ability to appreciate differences of colour, 
then, it is supposed, on the hypothesis of Young and Von 
Helmholtz, that three kinds of nerve-fibres exist in the 
retina, the stimulation of which gives respectively, red, 
pr«en, and violet in consciousness. Professor NfcEeudrick, 
terpreting Von Helmholtz, gives * the following scheme ; — 
, Red excites strongly the fibres sensitive to red, and 
»ebly the other two. 

"2. Yellow excites moderately the fibres sensitive to 
i green, feebly the violet. 

* " Bpednl PliyBJoIogy," p.fl 
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Tjiir li^.TT caiLz:->; be rErsurded as man thm i po- 
ritl^i^ L7p->ih-r?i5- Suil, bj its means we can explia 
iizAi-j c'-zljur-pbciioaiena- I; is wdl knovn. for eaae^ 
X'ui\ J ve g&ze sumZj at a red object, and thsi lock wok 
a: a ^t^j surface, an aft^r-image of the object will be seffl 
of a blue colour. According t3 the theoir. the red fihw 
Lavf: biren tired and cannot so readilT answer to stiimilitiflft- 
Ovfrr tLis part of the retina, therefore, the effect of ffq 
Vy/iiX i= to etimalate nonnaUv the fibres sensitive to green 
and violet, but onlv slightlv those sensitive to red, crag 
to their tired condition. The result will be, as we see from 
the above scheme (4), the sensation of bine. Colour-Uind 
f>eople, on this view, are those in whom one set of the fibres, 
generally the red or the green, are lacking or ill devel<^ed. 

We may, perhaps, with advantage restate this theory in 
terms of chemical change, or metabolism. On this view 
three kinds of ** explosives " are developed in the retinal 
cones ; for it is seemingly the cones, rather than the rods, 
which are concerned in colour-vision. All three explosive 
Hubstances are unstable ; but one, which we may call B., 
is especially unstable for the longer waves of the spectrum ; 
another, G., for the waves of mid-period; a third, Y.,iot 
those of smallest wave-length. 

Suppose that R. only were developed. If, then, we vere 
to look at a band of light spread out in spectrrmi wave- 
Iciiigths, we should see a band* of monochromatic r. light. 
Its ccmtro would be bright, and here would be the maximum 
inHtal)ility of li. On either side it would fade away. Tbe 

* A hftiul niul not a lino, Ixjoauso R. is unstable to the impact of scon- 
idrmblo rango of iigiit-vibrtitious. 
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I lateral edges of the Bpectruiu would be the limits of the 
mstabUity of E. If G. only were developed, we sbould see 
Bly a band of monochromatic j;. light. Its centre would 
lot coincide with that for R., bat would lie in a region of 
toaller wave-length. Here would he the maximum in- 
tability for G. On either side the green would fade away. 
I lateral edges would mark the limits of the instahility 
[ G. But though their centroa would not coincide, the 
, band and the G. band would to a largo extent overlap. 
Emilarly with the hand for V. It, too, would have its 
mtre of maximum instability and its lateral edges of 
ffiBening instability. Its centre would lie in a region of 
\^t^ smaller wave-length than that for Q. And the v. band 
f Voiild overlap the green and the rod. 

Normally, all three bands are developed, and their 
P blended overlapping gives the coloui's of the rainbow. For 
I this reason the monochromatic bands r., i/,, and t. are un- 
Lknown to us in experience. All the colour-tints we know 
I.Bre blended tints. What we call full-red light causes 
[strong disruptive change in R., but decomposes slightly 
, and probably also, but in much less degree, V. 
Whether R., G., and V, are all three present in each 
or whether they are each developed in separate 
1, we do not know for certain. Nor are we certain 
(Ihftt there are separate nerve-fibres for the transmission of 
[noli due to R., G., and V. 

When we look steadily at a red object we cause the 
diBmption of R. ; and since it takes some time for the 
reformation and reconstitntion of this explosive substance, 
on turning the eye to a grey surface, G. and V. are alone, 
or in preponderating proportions, caused to undergo dis- 
ruption. Hence the phenomena of complementary after- 
images. It is not merely a matter of the tiring of certain 
nerve-fibres, but a using-up of the explosive material in 
certain of the cones. 

What is called colonr-hUndnesa is probably due to one 
of several abnormal conditions. It is poesihle that in some 
Loftses R., G., or V. may be entirely absent. More fre- 
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quently they are in abnormal proportions. They probably 
vary in their sensitiveness, and not improbably in the 
wave-period to which they show the maximum response. 

To test the variation, if any, in the limits of instability 
for R. and V., or in any case in the limits of colour-vision 
at the red end and at the violet end of the spectrum, in 
apparently normal individuals, my friend and colleague, 
Mr. A. P. Chattock, made, at my suggestion, a number of 
observations on some of the students of the University 
College, Bristol, to whom my best thanks are due for their 
kind willingness to be submitted to experiment The instru- 
ment used * was a single-prism spectro-goniometer. 

In the accompanying diagram (Fig. 83) the results of 
some of these observations are graphically shown. The 
middle part of the spectrum, between the wave-lengths 
420 and 740 millionths of a millimetre, is omitted, only the 
red end and the violet end being shown. The observations 
on thirty-four individuals, seventeen men and seventeen 
women, all under thirty years of age, are given for both 
eyes. The left-hand vertical line of each pair stands for 
the right eye in each case. To the left of the table are 
placed the wave-lengths in millionths of a miUimetre. 

Take, for example, the first pair of vertical lines. The 

♦ Mr. Chattock has kindly Bupplied me with the following note:— 

** Readings at the violet end were taken at the extremity of the lavender 
rays, at the point where the faint band of lavender light seemed to end off 
about half-way across the field of view (the croes-wires being invisible). 

" At the rod end the cross-wires were always visible, and were iu each 
case set to the point where the top horizontal edge of the spectrum lost iti 
definition. 

** Other things equal, the * red * readings should be more reliable than the 
violet, therefore, from the greater definiteness of the point observed, a»d the 
means of observing it. But against this has to be set off the fact that the 
extreme violet rays were spread out by the prism used more than eight times 
as much as the red rays. 

** In any case, the wide differences observed in the ' red ' readings are mach 
greater than could have been due to misunderstanding or careless observation 
— as shown by setting the instrument to maximum and minimum readings, 
and noting the very obvious difference between them apparent to a normal 
eye. The same conclusion is rather borne out by the closer (average) agree- 
ment between the two eyes of the same individual than between those of 
different persons. 

** The source of light was the central ])ortion of an ordinary Argand burner. " 



The Senses of Animals. 



284 Animal Life and Intelligence. 

credited with strong colour-antipathies, and insect-eating 
mammals are probably not defective in the colour-sense. 

It is said that nocturnal animals, such as mice, bats, 
and hedgehogs, have no retinal cones; and if the cones 
are associated with colour-vision, they may not improbably 
be unable to distinguish colours. Some moles are blind 
{e.g. the Cape golden mole). But the common European 
mole, though the eyes are exceedingly minute (^ of an 
inch in diameter), has the organ fairly developed, and is 
even said not to be very short-sighted. It is protected by 
long hairs when the animal is burrowing, and is only used 
when it comes to the surface of the ground. 

It is probably in birds that vision reaches its maximum 
of acuteness. A tame jackdaw will show signs of uneasi- 
ness when seemingly nothing is visible in the sky. Pre- 
sently, far up, a mere speck in the blue, a hawk will come 
within the range of far-sighted human vision. Steadily 
watch the speck as the hawk soars past, until it ceases to be 
visible ; the jackdaw will still keep casting his eye anxiously 
upward for some little time. He may be only watching 
for the possible reappearance of the hawk. But just as 
he saw it before man could see it, so probably he still 
watches it after, to man's sight, it has become invisible. 
So, too, for nearer minute objects, the swift, as it wheels 
through the summer air, presumably sees the minute 
insects which constitute its food. And every one must 
have noticed how domestic fowls will pick out from among 
the sand-grains almost infinitesimal crumbs. 

It is probable that the area of acute vision is much 
more widely diffused over the retina of birds than it is with 
us. In any case, the cones are more uniformly and more 
abundantly distributed over the general retinal surface. 

An exceedingly interesting and important peculiarity 
in the retina of birds, which they share with some reptiles 
and fishes, is the development, in the cones, of coloured 
globules. ** The retinaB of many birds, especially of th© 
finch, the pigeon, and the domestic fowl, have been care- 
fully examined by Dr. Waelchli, who finds that near tho 
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mkre green ia the predominant colour of ihe cones, while 
Uong the green conee red and orange ones are somewhat 
ringly iutereperBed, and are nearly always arranged 
temately — a red cone between two orange ones, and vic' 
trtd. In a sm-rounding portion, called by Dr. Waelehli 
he red zone, the red and orange cones are arranged in 
chains, and are larger and more nnmerons than near the 
yellow spot ; the green ones are of smaller size, and fill up 
the interspaces. Near the periphery the cones are scattered, 
the three colours about equally numerous and of equal 
size, while a few colourleaa conea are also aeen. Dr. 
Waelehli examined the optical properties of the coloured 
cones by means of the micro-spectroscope, and found, as 
the eoloura would lead us to suppose, that they transmitted 
only the correspimding portions of the spectrum ; and it 
would almost seem, excepting for the few colourleag cones 
at the peripheral part of tbe retina, that the birds examined 
mnat have been unable to see blue, the whole of which 
would be absorbed by their colour-globules," * 

These facts are of exceeding interest. They seem to 

show that for these birds the retinal explosives are not tbe 

same as for us. They are R., 0., and G. Moreover, the 

loar-globulea will have the effect of excluding the pheno- 

1, of overlapping. For each kind of cone the spectrum 

t be limited to the narrow spectral band transmissible 

rough the associated colour-globule. If these facts be 

^ it is not too much to aay that the cotoiu--vision of birds 

i so utterly different from that of human beings, 

lit, being human beings, we are and must remain 

ttble to conceive its nature. The factors being different, 

the blending of the factors by overlap being, by 

^Qieeially developed structures, lessened or excluded, the 

whole set of resulting phenomena must be different from 

aara. And this is a fact of tbe utmost importance when 

We consider the phenomena of sexual selection among 

birds, and those theories of coloration in insects which 

involve a colour-sense in birds. 

iiiJ Coloni-BlindQeas," R. Brudem-ll Curler (iVciiurr, 
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Concerning the sense of sight in reptiles and in 
amphibians, little need here be said. At near distances 
some of them undoubtedly have great accuracy of vision. 
This is, perhaps, best seen in the chamsBleon* In this 
curious animal the eyes are conical, and each moves freely, 
independently of the other. The eyelids encase the organ, 
except for a minute opening, looking like a small ink-spot 
at the blunted apex of the cone. The animal catches the 
insects on which it feeds by darting on to them its long 
elastic tongue and slinging them back into the mouth, 
glued to its sticky tip. Its aim is unerring, but it never 
strikes until both eyes come to rest on the prey, and great 
accuracy of vision must accompany the great accuracy of 
aim. Frogs and toads capture their prey in a somewhat 
similar way ; and a great number of reptiles and amphibians 
are absolutely dependent for their subsistence on the acate- 
ness and accuracy of their vision, which is, however, on 
the whole, markedly inferior to that of birds. 

In fishes, from their aquatic habit, the lens and dioptric 
apparatus are specially modified, in accordance with the 
denser medium in which they live ; and one curious fish, 
the Surinam sprat, is stated to have the upper part of 
the lens suited for aerial, and the lower part for aquatic 
vision. 

Mr. Bateson * has made some interesting observations 
on the sense of sight in fishes. He finds that in the great 
majority of fishes the shape and size of the pupil do not 
alter materially in accordance with the intensity of the 
light. The chief exceptions are among the Elasmobranchs 
(dog-fishes and skates). In the torpedo the lower limb of 
the iris rises so as almost to close the pupil, leaving a 
horizontal slit at the upper part of the eye. In the rough 
dog-fish, the angel-fish, and the nurse-hound, the pupil 
closes by day, forming merely an oblique slit. In the 
skate a fern-like process descends from the upper Umb of 

♦ Journal of Marino Biological Association, New Series, vol. i. Xos. 2 and 
3. His experiments with regard to the colour-seuse in fishes gave, for the 
most part, negative results. 
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he iris. The contraction in these cases does not eeem to 
ake place rapidly as in land vertebrates, hut slowly and 
radaally. 

Among diumai fishes belonging to the group of the 
■ony fishes (Teleosteans), the turbot, the brill, and the 
reevex have a semicircular flap &om the upper edge of 
be iris, which partially covers the pupil by day, but is 
ilmost wholly retracted at night. 

None of the fishes observed by Mr. Eateaon appears to 
ustingnisb food (worms) at a greater horizontal distance 
ban about four feet, and for most of them the vertical 
imit seemed to be about three feet ; but the plaice at the 
lottom of the tank perceived worms when at the surface of 
he water, being about five feet above them. Most of them 
xbibited little power of seeing an object below them. But 
hoQgh the distance of clear vision seems to be so short for 
mall objects in the water, many of these fish (plaice, 
DOllet, bream) notice a man on the other side of the room, 
lisiant about fifteen feet &rom the window of the tank. 
Phe sight of some fishes, such as the wrasses (LnlmiUe), ia 
kdmirably adapted for vision at very close quarters. "I 
liave often seen," says Mr. Bateson, "a large wrasse search 
the sand for shrimps, turning sideways, and looking with 
either eye independently, like a chameleon. Its vision is 
BO good that it can see a shrimp with certainty when the 
whole body is buried in grey sand excepting the antenns 
and antenna- plates. It should be borne in mind that, if 
the sand be fine, a shrimp will bury itself absolutely, 
digging with its swimmerets, kicking tlic sand forwards 
with its chelae, finally raking the sand over its back, and 
gSDtl; levelling it with its antenuie ; but if the least bit 
be exposed, the wrasses will find it in spite of its protective 
coloration." 

Although it is probably not functional in any existing 
form, mention must here be made of the median or pineal 
eye. On the head of the common slow-worm, or blind- 
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This IB the remnant of a median eye. It has been found in 
varying gtatee of degeneration in many reptiles (Fig. 34), and 
in a yet more Testigial form in some fiBbee and amphibia. It 
is connected with a ooriona stmc- 
taie, aHBooiated with the brain of 
all Tert«brateB, and called the 
pineal gland. Descartes thought 
that this was the seat of the soul ; 
\ bnt modem investigation shows 
it to be a stractore which has 
resalted from the degeneration of 
that part of the brain which was 
connected with the median eye. 
Fig. 34.— Pioni eye. There is Bome reason to sappose 
ModiBedm-cdfM.TOainiiurt. that, in auoient Ufe-farmB, like 
^™«.) the lobthyosanms, and Pleaio- 

saums, and the Labyrinthodont amphibians, it was large 
and functional. In any case, there is a large hole in the 
Bkull(Fig.86)tbroagh which the nervous connection with the 
brain may have been established. The structure of the eye 
is not similar to that of the 
lateral eye, but more like that 
of some of the invertebrates. 
To these invertebrates we 
must now turn. 

Insects have eyes of tiro 
kinds. If we examine with ■ 
lens the bead of a bee, «e 
I shall see, on either side, the 
large compound or facetted 
eye ; but in addition to these 
there is on the forehesd oi 
vertex a triangle of thie* 
— Sknii of UtXaatT-pttm. small, bright, simple eyes, or 

=.i« Wh™S'™k;"E^rli«")!"x?°^; °^^'^'- '^^^^^ OG^\SS., or eje- 
lb. prieui fcraiueD. " jg^g^ differ, in different in- 

sects, as to the details of their structure ; but in general 
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Fig. 36. — ^Eyes and eyelets of be& 
X Drone. B. Worker. 



they consist of a lens produced by the thickening of the 
integumentary layer which is at the same time rendered 

transparent. Behind 
this lies the so-called 
vitreous body, com- 
posed of transparent 
cells, and then follows 
the retina, in which 
there are a number of 
rods, the recipient ends of which are turned towards the 
rays of light, and not away from them as in the vertebrate. 
Spiders have from six to eight ocelli, arranged in a pattern 
on the top of the head. Facetted eyes are not found in 
them. 

These facetted eyes, which are found in both insects 
and Crustacea, have apparently a more complex structure 
than the ocelli. Externally — in the bee, for example — the 
sorfoce is seen to be divided up into a great number of 
bexagonal areas, each of which is called a facet, and forms 
(in some insects, but not in all) a little lens. Of these the 
^[Qeen bee has on each side nearly five thousand ; the worker 
some six thousand ; and the drone upwards of twelve 
thousand; while a dragon-fly {JEschna) is stated to have 
twenty thousand. Beneath each facet (in transverse section, 
Fig. 37) is a crystalline cone, its base applied to the lens, its 
&pex embraced by a group of elongated cells, in the midst 
<rf which is a nerve-rod which is stated to be in direct con- 
nection with the fibres of the optic nerve. Dark pigment is 
developed around the crystalline cones. And retinal purple 

• 

^ said to be present in the cells which underlie it. 

With regard to these facetted eyes there has been much 
Hussion. The question is — Is each facetted organ an 
eye, or is it an aggregate of eyes ? To this question the 
older naturalists answered confidently — An aggregate. A 
simple experiment seems to warrant this conclusion. If 
the facetted surface be cleared of its internal structures 
(the crystalline cones, etc.) and placed under the microscope, 
^ lens may, at a suitable distance of the object-glass, 
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be made to give a separate image of such an object as a 
candle reflected in the mirror of the microBoope, If each 
lens tbos gives an image, is not each the focnsaing apparatns 
of B single eye ? But a. 



somewhat more difficalt 
experiment points in 
another direction. If the 
facetted cornea be re- 
moved u'l'th the crystaiUnt 
cones ttm attacked (Gren- 
acher was able to do it 
with a moth's eye), and 
placed under the micro- 
scope, when the instm- 
ment is focussed at the 
point of the cone (where 
the nerre-rod comes), s 

T™,T™««koU.m.«hh»d. (Alter BickBD.) gp^j ^f ygfat, and nOt ftD 

image, is seen. No image can be seen unless the micro- 
scope be focaesed for the centre of the cone ; and here tha« 
are no structtires capable of receiving it and transmitting 
corresponding waves of change to the " brain." 

But what, it may be asked, can be the purpose of u> 
eye-structure which gives, not an image, but merely a spot 
of light ? The answer to this question can only be fonnd 
when it is remembered that there are thousands of these 
facets and cones giving thousands of spots of light. The 
somewhat divergent cones and facets of the insect's eye 
fFig. 87) embrace, as a whole, an extended field of Tision; 
each has its special point in that field ; and each conreye 
to the nerve-rod which lies beneath it a stimulation in 
accordance with the brightness, or intensity, or quahtyof 
that special point of the field to which it is directed. The 
external field of vision is thus reproduced in mmiatnn 
mosaic at the points of the crystalline cones — thus there is 
produced by the juxtaposition of contiguous puints a stipplw 
image. And it must be remembered that, even in hnman 
vision, the stimulation is not that of a continuum, bot is 
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stippled with the fine stippling of the ends of the rods and 
ccmes. In insect-yision the stippling is far coarser, and the 
inuige is produced on different principles. 

In the yertebrate the image is produced by a lens ; in 
the insect's eye, by the elongated cones. How this is effected 
▼ill be readily seen with the aid of the diagram. At a 6 
are a number of trans- 
parent rods, separated by 
pigmented material absorb- 
ent of light. They repre- 
sent the crystalline cones. 
At cd is an arrow placed 
in front of them ; at « / is ^ 
a screen placed behind 
them. Rays of light start ^««- 38.--iK.p« of »o«e .i-oo. 

in an directions from any point, <r, of the arrow ; but of these 
<nd7 that which passes straight down one of the trans- 
parent rods reaches the screen. Those which pass obliquely 
into other rods are absorbed by the pigmented material. 
Sunilarly with rays starting from any other point of the 
arrow. Only those which, in each case, pass straight down 
one of the rods reach the screen. Thus there is produced a 
reduced stippled image, if (f , of the arrow. 

There has been a good deal of discussion as to the 
relatiYe functions of the ocelli and the facetted eyes of 
nisects. The view generally held is that the ocelli are 
specially useful in dark places and for near vision ; while 
the facetted eyes are for more distant sight and for the 
aseertainment of space-relations. How the two sets of 
impressions are correlated and co-ordinated in insect-con- 
Beioosness, who can sav ? * 

The interesting obsenrations of Sir John Lubbock seem 
to show that insects can distinguish between different 
eolours. ** Amongst other eiperimente," he says,! " 1 

* We mort renMnber bow YmtpAj th« mxkte«i&* %xh mtA whfti ui inicct u 
^B^htg Hfl wmj abool. Watch. Um exaapkr, % «Mp m .t cl:i&t« f/%*:j jfmt 
P^ If the aiitcfODie be renored, it »reurt u> txnut't/y: *}> at Uiiyil j. Tbc 
"'^'Qiue neai almoiit %o take tbe pLce <4 «▼«« at ck««r q*^MrUiT9. 
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brought a bee to some honey which I placed on a slip of 
glass laid on blue paper, and about three feet off I placed 
a similar drop of honey on orange paper. With a drop of 
honey before her a bee takes two or three minntes to fill 
herself, then flies away, stores up the honey, and returns 
for more. My hives were about two hundred yards from 
the window, and the bees were absent about three minutes 
or even less. After the bee had returned twice, I transposed 
the papers ; but she returned to the honey on the bine 
paper. I allowed her to continue this for some time, and 
then again transposed the papers. She returned to the 
old spot, and was just going to alight, when she observed 
the change of colour, pulled herself up, and without a 
moment's hesitation darted off to the blue. No one who 
saw her at that moment could have the slightest doubt 
about her perceiving the difference between the two 
colours." 

Passing now to the Crustacea, we find in them eyes of 
the same type as in insects ; but in the higher Crustacea 
ocelli are absent. In the crabs and lobsters the eyes are 
seated on little movable pedestals; in the former the 
crystalline cones are very long, in the latter they are short. 
There can be little doubt that vision is by no means want- 
ing in acuteness in an animal which, like the lobster, can 
dart into a small hole in the rocks with unerring aim from 
a considerable distance. The experiments of Sir John 
Lubbock have shown that the little water-flea {Daphnia) can 
distinguish differences of colour, yellows and greens being 
preferred to blues or reds. 

Among the molluscs there are great differences in the 
power of sight. Most bivalves, like the mussel, are blini 
Interesting stages in the development of the eye maybe 
seen in such forms as the limpet, Trochus and Murex. The 
limpet has simply an optic pit, the Trochus a pit nearly 
closed at the orifice and filled with a vitreous mass, and 
the Murex a spherical organ completely closed in with a 
definite lens. The snail has a well-developed eye on the 
hinder and longer horn or tentacle. But it does not seem 
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B bo ftware of the presence of an object until it is brought 
I a quarter of an inch or less of tbe tentacle. In all 
bobability the eye doe8 little more than enable tbe enail 
p distinguisb between light and dark. And tbe same may 
» said of the eye of many of the mollusca. In some, 
jDWfiTer, tbe cuttle-fishes and their allieB, tbe eye is so 
figbly developed that it has been compared nitb that of 
^e Tcrtebrate. There is an Ii'ts with a contractile pupil. 
^d the ganglion with which it is connected forms a large 
t of the Bo-c&Iled brain. The powers of accurate vision 
ft these higher forma are probably considerable. 

It ifi interesting to note that whereas in tbe euttle-fiabea 

most molluscs, the rods of tbe retina are turni'd 

iwards the light, in Pvrten, Onvkkliiim (a kind of slug), 

I Borne others, they are, as in vertebrates, turned from 

B light. In Pecten the nerve to supply tbe retina bends 

ind its edge at one side. But in Onchidium it pierces 

pie retina as in vertebrates. 

In worms, eyes are sometimes present, Bometimes 

bsent. In star-fishes and their allies they often occur. 

1 mednace (jelly-fieh) tbey are sometimes found on the 

i of the umbrella. Even in lowly organisms, like 

e infusoria, eye-spota not unfrequently occur. We must 

member, however, that, in these lower forma of Hfe, the 

ins spoken of aa eyea or eye-spots merely enable the 

oseesaor to distinguish light from darkness. 

Even when eyes or eye-spots ore not developed, the 

eema to be in some cases sensitive to light — 

ing the word "aensitive," once mote, in its merely physical 

cceptatiun. The earthworm, for example, though it has 

eyea, ia distinctly sensitive to light ; and the same has 

Ben shown to be tbe caae with other eyeless organisms. 

praber holds that his experiments demonstrate that the 

8 earthworm can distingnsh between different colours 

[-in other words, is differentially sensitive to light-waves 

r different vibration -period — preferring red to blue or 

, and green to blue. And the same observer has 

Bbown that animals provided with eyes — the newt, forj 
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example — can distinguish between light and darkness by 
the general surface of the skin. M. Dubois, by a number 
of experiments on the blind Proteus of the grottoes of 
Gamiola, has shown that the sensitiveness of its skin to 
light is about half that of its rudimentary eyes; and, 
further, that this sensibility varies with the colour of the 
light employed, being greatest for yellow light.* 

We have not been able to do more than make a rapid 
survey of the sense of sight as it seems to be developed in 
the invertebrates and lower animals. The visual organs 
differ, not only in structure, but in principle. We may, I 
think, distinguish four types. 

1. Organs for the mere appreciation of light or dark- 
ness (shadow), exemplified by pigment-spots, with or with- 
out concentrating apparatus. 

2. Organs for the appreciation of the direction of light 
or shadow, with or without a lens. The simple retinal eyes 
of gasteropods, and perhaps in some cases the ocelli of 
insects, probably belong to this class. 

8. True eyes, or organs in which a retinal image is 
formed, through the instrumentality of a lens, as in 
vertebrates and cephalopoda. 

4. The facetted eyes of insects, in which a stippled 
image is formed, on the principle of mosaic vision. 

Unfortunately, all these are called indiscriminately 
eyes, or organs of vision. An infusorian or a snail is said 
to see. But the terms "eye," "vision," "sight," imply 
that final excellence to which only the higher animals, 
each on its own line, have attained. 

This final excellence probably has its basis and earliest 
inception in the fact that the functional activity of proto- 
plasm is heightened in the presence of setherial vibrations. 
If, then, we imagine, as a starting-point, a primitive 
transparent organism with a general susceptibility to the 
influence of light-vibrations, the formation within its 
tissues of pigment-granules absorbent of light will render 
the spots where they occur specially sensitive to the 

^ ♦ See Nature, vol. xli. p. 407. 
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fttberial vibrntions. Special refraction-globules would also 
aot as miuute lenecs, focussing the light, and thus concen- 
trating it upon certain spots. 

Id many of the lover animals ve find such organs, 
belonging to our first category, and constituting either eye- 
apota of pigmented material or simple lenses covering a 
pigmented area. If we call these eyes, we must remember 
that in all probability they have do power of what we call 
vision— only a power of distinguishiug light from dark. 
Where, however, there exists beneath the lens a so-called 
rrtina, that is,' a layer of rod-like endings of a nerve, it 
might, at first sight, be thought that there, at any rate, we 
h«re true vision. But iu all probability, in a great number 
o( cases the retinal rods are simply for the purpose of 
idering the organism sensitive, not only to the presence 
light, hnt to its direction. Light straight ahead (a) stimu- 
U«B the middle rods ; from one side (b, c) it is focussed on 
the rods of the opposite side of g 
the retina ; and similarly for 
lediate positions. The 
isenca of a retinal layer is 
no infallible sign of a 
of visioD as apart from 
Bensibility to light. In- 
I, in a great number of ' 
from the convexity and ; 
position of the lens, the for- ' o(u«auun:conigb[«roJiii*io». 
nation of an image is impossible. Only when it can be 
shown that n more or less deHnite image can be focussed 
w the retina, or can be formed on the principle of mosaic 
w»ion, can we justly surmise that a power of true vision 
u present. I doubt whether this can be shown to be 
unquestionably the case in any forms but the higher 
Whropods, the cuttle-fishes and their allies, and the verte- 
bl&tes. 

There is one more point for consideration before we 
lOTe the sense of sight — Are the limits of vision the same 
Kfiia lower fbnus of life as the; are in man ? or, to put 




Fig. 39.— Direction- 
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the question in a more satisfactory form — ^Are the limits 
of sensibility to light- vibrations the same in them as in as? 
M. Paul Bert concluded that they are. Bat Sir John 
Lubbock has, I think, conclusively shown that they are 
not. For the full evidence the reader is referred to bis 
'' Senses of Animals." * His experiments on ants, with 
which those of M. Forel are in complete accordance, 
satisfied him that these little animals are sensitive to the 
ultra-violet rays which lie beyond the range of our vision. 
Other experiments with fresh-water fleas (Daphnia) showed 
that they have colour-preferences, green and yellow being 
the favourite colours. 

The daphnias were placed in a shallow wooden troagh, 
divided by movable partitions of glass into divisions. 
Over this was thrown a spectrum of rainbow colours. The 
partitions were removed, and the daphnias allowed to 
collect in the differently illuminated parts of the trough. 
The partitions were then inserted, and the number of 
crustaceans in each division counted. The following 
numbers resulted from five such experiments : — 

Dark. Violet Blue. Green. Yellow. Red. 
S 18 170 36 23 

Special experiments seem to show that their limits of 
vifiion at the red end of the spectrum coincide approxi- 
mately with ours ; but at the violet end their spectrum is 
longer than ours. Sir John covered up the visible spectmin, 
RO as to render it dark, and gave the daphnias the option 
of collecting in this dark space or in the ultra-violet. To 
human eyes both were alike dark. But not so to the 
daphnian eye ; for while only 14 collected in the covered 
part, 286 were found in the ultra-violet. The width of the 
violet visible to man was two inches. Sir John divided 
the ultra-violet into three spaces of two inches each. 01 
the 286 daphnias, 261 were in the space nearest the violet, 
25 in the next space, and none in the furthest of the three 
spaces. From which it would seem that, though these 
little creatures are sensitive to light of higher vibration- 

♦ Chap. X. p. 202. 



The Senses of Animals. 



297 



period than that which affects the human eye, their limits 
do not very far exceed ours. We have seen that human 
beings differ not a little in their limits of violet-sus- 
ceptibility. We may presume that Sir John Lubbock 
and those who assisted him in these experiments were 
normal in this respect. But it is possible that some indi- 
viduals could have perceived a faint purple where there 
was darkness to them, and that the majority of the 261 
daphnias were collected in the region just beyond the 
partition between ultra-violet and darkened violet. Still, 
there is no cause for doubting the general conclusion that 
daphnias are sensible to ultra-violet rays beyond the limits 
of human vision. 

Sir John Lubbock has an interesting chapter on pro- 
blematical organs of sense. In the antennsB of ants and 




••J J J '1'4:' 



Fig. 40. — ADtennary stractures of hymenoptora. (After Lubbock.) 

a., cuticle; 6., hypod«»rmi8; c, ordinary hair; rf., tactile hair; «,, cone; /., deprcsaod 
\a\x lying over g. cap with rndiiDentary hair at tho base; A., Pimple cup; t., champagne- 
oork-Uke organ of Forel ; k.^ flask-like organ ; {., papilla, with a rudimentary hair at the apex. 

bees there are modified hairs and pits in the integument 
(at least eight different types, according to Sir John 
Lubbock), the sensory nature of which is undoubted. But 
what the sensory nature in each case may be is more or 
less problematical. Many worms have sense-hairs or 
bristles of the use of which we are ignorant. Some organs 
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described as tactile or olfactory in the lower invertebrates 
are so described on a somewhat slender basis of evidence. 
The sense-value of the bright marginal beads of sea- 
anemones is unknown. Even in animals as high in the 
scale of life as fishes, there is a complete set of sense- 
organs — the muciparous canals, in the head and along the 
lateral line down the side, the function of which we can 
only guess. By some they are regarded as olfactory ; by 
others, as fitted to respond to vibrations or shocks of 
greater wave-length than the auditory organ can appre- 
ciate ; by others, as of importance for the equilibration or 
balancing of the fish. 

It will thus be seen that, apart from the possibility of 
unknown receptive organs as completely hidden from, 
anatomical and microscopic scrutiny as the end-organs o£ 
our temperature-sense, there are in the lower animals 
organs which may be fitted to receive modes of influence 
to which we human folk are not attuned. 

And what are the physical possibilities ? We have seexx 
that, through the telsBsthetic senses — hearing, vision, aii.43. 
the temperature-sense — we are made aware of the vibra- 
tions of distant bodies, the effects of which are borne to 
on waves of air or of SBther. The limits of hearing with 
are between thirty and about forty thousand (or perhaps 
in very rare cases, fifty thousand) vibrations per secoi^ 
But these are by no means the limits of vibrations of ti^ ^ 
same class. By experiments with sensitive flames,* Lo:Kr<i 
Rayleigh has detected vibrations of fifty-six thousand 
second ; and Mr. W. F. Barrett has shown that a 
sitive flame two feet long is sensitive to vibrations beyoxid 
the limit of his own hearing and that of several of 13- is 
friends who were present at the experiment. We hfib^^^e 
some reason to suppose that vibrations too rapid to te 
audible by man are audible by insects, but not mucb. is 
known with regard to the exact limits. 

The following table shows what is known concemi^S 

* The obseryations are not yet published, and I have to thank I-»o™ 
Rayleigh for hiB courtesy in allowing me to make use of this fact. 
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ftiie ether-vibratioDB. The fignres are tlioae given by 
L.^rofeBBor Langle; : — 



3'E»,tr». 



. 833. 
. 370( 


. Tiaion. 


. 30 


. lempeniture- 


1 


. none known 



QmUtr «r rvUmUou. ibu 

Limit of pliotogr&pby. arti- 

fleinlKmroe 

Limit nf pbologrTLpli;, aolnr 

Limit of Tialct to Dorm&l 

if red to DonnBl ef ea . . 
Protable inferior limit of 

taniptiratun>->cnBiitioas . . 
Longeat wuvea liilhuria re- 

Wgnixed with balaincter .. l 

From this table it will be seen that, apart from the 

possible extension of sight beyond human limits, there are 

possibilities of another sense for the ultra-violet actinio 

—jribrations as different from eight as is the infra-red 

nperatare-seuse. Moreover, the temperature-sense for 

1 has no scale ; there is nothing corresponding to pitch 

I sound or colour in sight. It may not be so with lower 

:. Insects, for example, may be sensitive to tones 

C heat. The bee may enjoy a symphony of solar radiance. 

[ am not saying that it is so; I am merely suggesting 

possibilities which we have not suEGcient knowledge to 

authoritatively deny. We have no right to impose the 

Umits of human sensation on the entire organic world. 

Insects may have "permanent possibilities of sensation" 

denied to us. 

Even within our limits there may he, as we have 
already seen, great and inconceivable differences. We saw 

* ProfoMnr Langlej GdiI* that tlio moiimam effeot with a radiating 
MUtee at 170° C. i« at about 5*0 tbouiaiidtlia of a miUimette mT^-leoglli. 
„ 100° O. „ „ 7-5 „ 

« o'c. „ „ no 

We are wnntive to radiationa from a body at 100° C. But when Uie 
tfuiwralate faJli below tha normal temperature of the body we ure not 
■ciuitiTe to bonl-riliruttoiK, but to low of beat from the aurfaceeiposed. Tba 
limit of »eniibilily [n hwit-vibratioBf, tlierc-fore, probably IJos between 7-S and 
II thou aaml tha of a miUimetru. I huTo lakeu about "i-iii u the limit 
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that our own colour-sensations are probably due to the 
blending and overlapping in different proportions of three 
primitive monochromatic bands, bat that in all probability 
in birds the bands are different, and overlapping is largely 
prevented. Their colour-phenomena must be inconceivably 
different from ours. And what shall we say of the colour- 
vision of invertebrates ? Are we justified in supposing that 
for them, as for us, E., G., and V. are the unstable ex- 
plosives, and that they are present in the same proportions 
as with us ? K not, their colour-world cannot be the same 
as ours. Of the same order it probably is. And all that 
we can hope to do is to show, as has been shown, that 
colours which differently affect us affect them also 
differently. 

• 

In conclusion, we may return to the point from which 
we set out. The organism is fitted to respond to certain 
influences of the external world. The organs for the 
reception of these influences are the sense-organs. When 
they are stimulated waves of change are transmitted 
inwards to the great nerve-centres; they are there co- 
ordinated, and issue thence to muscles or glands. Thus the 
organism is fitted to respond to the influences from without. 
The activities of organisms are in response to stimulation- 

We have seen that the cells of the organic tissues dS^ 
like little packets of explosives, and that the changes whic^^^ 
occur in the organism may be likened to their explosio^^ 
and the setting free of the energy stored up in them. T J^* 
end-organs of the special senses may be regarded 
charged with explosives of extreme sensitiveness. So 
are fired by a touch ; the molecular vibrations of sapid 
odorous particles explode others ; yet others are fired L>^- 
the coarser vibrations of sound ; others, once more, by tl * 
energy of the tetherial waves. The visual purple is a high 5- 
unstable chemical compound of this kind ; expose it for • 
moment to light, and it topples over to a new molecul^^-- 
arrangement, the colour being at the same time discharge^* 
If the retina has been removed from the body, this is ni-* 
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.t happens. But if (in the frog) it be replaced on the 
iroid layer from which it has been stripped, the visual 
rple is reformed. The explosive is thus reconstructed 
1 the sensibility is restored. Thus, as fast as the 
dosives are fired off by sense-stimuli, so fast in normal 
I are they reconstituted and the sensibility restored, 
anwhile the explosion at the end-organs has fired the 
in of explosives in the nerve, and created molecular 
)losive disturbances in the brain. Thence the explosive 
ves pass down other nerves to muscles or glands, and, 
ing rise therein to further explosions, take effect in the 
iivities of the organism. 

We shall have to consider these activities hereafter. 
3 must now turn to the psychical or mental accom- 
niments of the explosive disturbances in the brain or 
ler aggregated mass of nerve-cells. 
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CHAPTER VIII. 

MENTAL PROCESSES IN MAN. 

I HAVE already drawn attention to the fact that the primar 
end and object of the reception of the influences (ztimulm^ > 
of the external world, or environment, is to enable tls. 
organism to answer or respond to these special modes 
inflaence, or stimuli. In other words, their purpose is 
set agoing certain activities. Now, in the nnicelluli 
organism, where both the reception and the response azarc 
effected by one and the same cell, the activities are £*^=>i- 
the most part simple, though even among these protoz 40« 
there are some which show no little complexity of responds ^. 
Where, however, the organism is composed of a number of 
cells, in which a differentiation of structure and a speciaUss cl- 
tion of function have been effected, certain cells are iBi^t 
apart as recipients, while other cells are set apart 'fco 
respond (respondents). There is thus the necessity of a 
channel of communication between the two. Hence y ^* 
other cells (transmitters), arranged end to end, form a lixae 
of connection and communication between the group ^^ 
receiving cells and the group of responding cells, and aoxi- 
• stitute what we term a nerve. That which is transmifc'fc^^ 
may still be called a stimulus, each cell being stimulskt^^ 
in turn by its neighbour. Thus a stimulus must be fix*^^ 
received and then transmitted. 

But little observation is required to convince us of 'tli© 
fact that, in the higher creatures, a very simple stimixl'«3s 
may give rise to a very complex response. A light pi^" 
prick will cause a vigorous leap in a healthy frog — ^a lo«P 
that involves a most intricate, accurate, and compl^^ 



and Uiat a truer annlogy is that aomething stands withoat 
uid knocks at the doorway of sense, and that from the 
Datare of the knocks we learn somewhat concerning that 
which knocks. ( The person ineide can never open the door 
to see what manner of thing it is which knocks. But ha 
coQ build up a most cunning symbolism of knocks which 
BhaU suffice for all practical purposes. \ In other words, 
the object-world, symbolic though it is, which you and I 
and the rest of as construct at the bidding of something 
without us (the eiistence of which I assume), is amply 
sufficient for all our practical needs, and constitutes the 
Ij practical reality for human-folk. 
I am well aware that there are many people who 
lot bring themselves to believe in, or even to listen 
lout impatience to, the view that the world we eee 
id as is a world of phenomena. It is absurd, they 
', to tell U8 that yonder tuliji.'as an object, is in anj 
dependent on our perception of it. There it is, and 
it would have been had man never been created, 
one conceive that the new species of fossil, which was 
yesterday disentombed from the strata in which it has 
buried for long ages, is dependent on man's observa- 
for its qualities as an object? To say that it was 
" constiructed " by the lucky geologist who was fortunate 
enongh first to set eyes on it is sheer nonsense. Its shelly 
Bobstance protected a bivalve mollusc millions of years 
before man appeared upon the earth. When we see the 
orange in the fruiterer's shop, the sight of it merely 
reminds us of its other qualities— its taste, its smell, its 
weight, and the rest, which are essentially its own, and no 
endowments of ours — nowise bestowed upon it by us. 

1 have no hope of convincing, and not much desire to 
convince, one who thus objects. I would merely ask him 
bow and when he ateppod outside bis own consciousness to 
ascertain that these things are bo. Does he believe that 
oonsciousnesa is an accompaniment of certain nervous pro- 
cesses in the grey cortex of the brain '.' If so, let him tell 
UB how these conscious accompaniments resemble (not 
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merely symbolize, but resemble) tulips and oranges and 
fossil molluscs. If not, let him propound his new theory 
of consciousness. 

Let it not be supposed that I am denying the existence, 
and the richly diversified existence, of the external world. 
We are fully justified, I think, in believing that, correspond- 
ing to the diversity of mental symbolism, there is a rich 
diversity of external existence. But its nature I hold that 
we can never know. The objects that we see are the jomt 
products of two factors — ^the external existence and the 
percipient mind. We cannot eliminate the latter factor 
so as to see what the external factor is like without it. 
Those who, like Professor Mivart,* say that we can 
eliminate the percipient factor, and that the external wc^ld 
without it is just the same as it is with it, are content to 
reduce the human mind, in the matter of perception, to 
the level of a piece of looking-glass. 

There are some people who seek to get behind 
phenomena by an appeal to evolution. It will not do 
nowadays, they say, to make the human mind a starting- 
point in these considerations ; for the human mind is the 
product of evolution, and throughout that evolution has 
been step by step moulded to the external world. The 
external world has, therefore, the prior existence, and to it 
our perceptions have to conform. All this is quite true; 
but it is beside the point. Mind has, throughout the 
process of evolution, been moulded to the external world; 
our perceptions do conform to outside existences. But 
they conform, not in exact resemblauce, but in mental 
symbolism. They do not copy, but they correspond to, 
external existences. It is just because, throughout the 
long ages of evolution, mind has lived and worked in this 

* ** Lot the perception be considered to be made up of 2 + y ; z being 
the ego, or self, and y the object. The mind has the power of supplying it* 
own — X, and so wo got (through the imagination of the mind and the object) 
a: -ft/ - a-, or y pure and simple" (Mivart, " On Truth," p. 135). Mr. Miwrt 
devotes a whole section of this work to the defence of ordinary oonmion-«eMe 
realism. Tlie abovo assertion seems to contain the essenoe of his teaching i& 
the matter. 
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^rmbolic world that common sense is unable to shake off 
ihe conviction that tbia is the only poBsible world, and 
exists as anch independently of mental procosses. The 
J "rrprld of pbeuoraena is the world in whiuh we, as conscious 
beings, live and move. No one denies it. Bat it is none 

Ke leas a symbolic world ; none the less a world which 
ind has eoustrncted in the sense that it is an inalienable 
ittor in its being. 
Each of na, when we perceive an object, repeats and 
Bamiuarizee the constructive process which it has been the 
end of mental evolution to compass. Hence it is that, at 
Kibe bidding of a simple impression, percepts or constructs 
H^ke origin and shape in the mind. In taking possession 
Fof this faculty in the early years of life, we are entering 
upon a rich ancestral heritage. But if what 1 have been 
urging has truth, what we call objects are human cou- 
^jtructs, and cannot by any manipulation be converted into 
^^Bytliing else. 

^B I will now take another and more complex case of 

^Construction, which will bring out some other facts about 

^prhat I have termed " constructs." I bear in the street a 

Piercing howl, which suggests a dog in pain. Bising from 

^Tny seat and going to the window, I see a white terrier 

with a black patch over the left eye limping down the road 

on three legs. Now, what was the nature of the construct 

framed at the bidding of the piercing howl? A dog in 

pain. But what dog? The nature of the howl suggested 

a Email dog ; hut there was nothing further to particularize 

The construct was, therefore, eiceedingly vague and 

I defined, and was not rendered definite and particular 

I I went to the window, and saw that it was a white 

(tier with a black patch over the eye. The howl, more- 

ITer, suggested certain activities of the dog. The eonstruct 

B not merely a passive, inanimate object, like the orange, 

I an object capable of performing, and actually porform- 

[, certain actions. Here, again, we can only say that it 

R through experience that special activities are associated 

yith certain objects. Just as the construct orange i^ 
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capable of exciting sensations of taste, so the construct dog 
is capable of doing certain things and performing certain 
actions, that is, of affecting as in certain further ways. 

But, further, the howl suggested a dog in pain. No 
amount of sensations entering into any manner of relations 
could give me that element of the construct. I can neither 
see, touch, taste, smell, nor hear pain in another being. 
Pain is entirely subjective and known only to the sufferer. 
But I have been a sufferer. I have experienced pain and 
pleasure. And just as my experiences, individual and 
ancestral, lead me to project into inanimate objects certain 
qualities, the products of my sensations, so do my ex- 
periences, individual and ancestral, lead me to project into 
certain animals feelings analogous to those I have myself 
experienced. This is sometimes described as an inference. 
But if we call this an inference, then we must, I think, call 
tl\e taste, smell, and feel of the orange I see before me 
inferences. In both cases the inference, if we so call it, 
enters at once into the immediate construct. 

And when I went to the window and saw the dog limp- 
ing down the street, I saw also a small boy, with arm 
drawn back, in the act of throwing a stone. In other 
words, I saw the objects in the scene before me standing in 
certain relations to each other. I concluded that the boy 
had thrown a stone at the dog and was about to throw 
another. In other words, I saw the scene before me as 
part of a sequence of events. 

One more example I will give to bring out another and 
important feature in the mental process. Strolling before 
breakfast in early spring in my friend's garden, there is 
borne to me on the morning air a whiff of violet fragrance. 
Not only does this lead me to construct violets, but it 
reminds me of a scene in my childhood with which the 
scent of these flowers was closely associated. Not only is 
the object constructed, but a scene with which their fragrant 
odour has been associated is reconstructed in memory. The 
violets are immediate constructs or presentations of sense ; 
the remembered scene is a reconstruct or representation in 
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memoiy. So, too, when I heard a piercing howl in the 
street, the dog I constmcted was a vague presentation of 
sense ; but the street in which I instinctively placed him 
was a reconstruct or representation in memory. V The' 
difference between a construct or presentation of sense, and 
a reconstruct or representation in memory, is that the " 
former is directly suggested through the immediate action 
of some quality or activity of the object, while the latter is 
^i^^if^y suggested through some intermediate agency, i 

Before proceeding further, let us review the conclusions 
we have thus far reached. Through the action of certain 
smroondings on our sensitive organization, we receive 
certain impressions, and among these impressions and 
others revived in memory we recognize certain similarities 
or differences in quality, in intensity, in order of sequence, 
and in source of origin. The sensations which thus 
originate are mental facts in no sense resembling their 
causes, but representing them in mental symbolism. The 
consciousness of similarity or difference is no part of the 
unpression, but a further mental fact arising out of 
the impression, and with it giving origin to sensation. It 
deals with the relation of impressions among each other 
tnd to the recipient. It involves recognition and dis- 
crimination. Its basis is laid in memory. The sensations 
are instantly localized, referred to objects, and projected 
outwards, mainly through the instrumentality of the 
iDnscular sense. The mental symbolism is thus built into 
the objects around us, and constructs are formed. But 
into the tissue of these constructs are woven, not only the 
sensations immediately received, but much that is only 
suggested through association as the outcome of past 
experience, individual and ancestral. The constructs and 
their a880ciat€d reconstructs are thus endowed with 
qualities which have practical reality, since they are not 
for me only, but for you and for mankind. They are, 
therefore, in a sense independent of m^, but nowise 
independent of man,* 

* If it be Mid that tke olrject does exist independentlj of man, though not 
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Some of the constructs are endowed with activities, 
and some with feelings akin to our own. Finally, in the 
field of vision which we construct or reconstruct, the objects 
are seen to stand in relationship to each other, and the 
scene as a whole is perceived to be part of an orderly 
sequence of events. 

We have already got a long way beyond the impressions 
with which we started ; and yet, if I may trust my own 
experience, such construction as I have described is direct 
and immediate. A child of four or five would not only 
construct as much, but might not improbably go a long 
way further, and say, " Naughty boy to throw a stone at 
poor doggie ! " It is, I say, direct and immediate, and it 
implies a wonderful amount of mental activity. Some 
people seem to imagine that in the simpler forms of per- 
ception, as when I see an orange on the table, the mind is 
as passive as the sensitive plate in a photographer's camera. 
This surely is not so. It is a false and shallow psychology 
which teaches it. Just as a light pin-prick may set agoing 
complex physical activities in the frog, so may compara- 
tively simple visual sensations give rise to complex mental 
activities in construction and reconstruction. It is to 
emphasize this mental activity that I have persistently 
used the terms "construct" and "construction." And I 
wish to emphasize it still further by saying that withoat 
the active and constructive mind no such process of con- 
struction or reconstruction is possible or (I speak for 
myself) conceivable. We might just as well suppose that 
the frog could leap away on stimulation of a pin-prick in 
the absence of its complex bodily organization, as that 
sensation could give rise to construction and reconstruc- 
tion in the absence of a highly organized mind. 

We have seen that when a howl suggested the construct 
dog, that construct was vague and undefined ; but when I 

in tlie plienomenal giiieo under which we know it, I wouM replj — Not »; 
for it is to the existence under this phenomenal guise that we apply the woid 
" object." In philosophical language, the existence, stripped of its pheno- 
menal aspect, is called the Ding an sick. Its essential character is ita inde- 
pendence of man ; and hence its unknowabiUty. 
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ent to the window and saw the terrier, the construct 
leame partioularized and defined. ' This seems to me the) 
>mial order of dorelopment ; first the vague, general, I 
id indefinite; then the particular, special, and defined.]f> 
hat which ie immediately suggested at the bidding of 
nsations received is always more or less general ; it only 
tcomea specialized on further examination physical or 
«iital — first a dog or an orange ; then this dog or this 
"ange. The more unfamiliar the object, the more vague 
)d indefinite the construct. The more familiar the object, 
id the further our examination of it is carried, the more 
vticular and defined the construct. I would, tbereforel 
lark two stages in the process of construction: first, the 
ffm&tion of constructs by immediate association, more or^ 
!sa vague, indefinite, and ill defined; and, secondly, the' 
eGnition of constructs by examination, by which they are 
endered more definite, particular, and special, and supple- 
atmted by intelligent inferences. 

I need not stay here to point out the immense im- 
portance of this process of defining and particularizing 
Mnstructs. or the length to which it may he carried ; nor 
need I pause to indicate how, through memory and 
ftBBOciatton, representative or reconstructive elements crowd 
In to link or wrave the constructs into more or leas vivid 
&od brilltiint scenes. But I have nest to notice that out 
of this intelligent examination arises a new, distinct 
mental process, the analymx of conntruetg. — 

This process involves the paying of special attention to 
certain qualities of objects, to the intentional exclusion of 
sther qualities. When I cease to examine an orange as a 
Boustruct, and pay attention to its colour or its taste to the 
exclusion of other properties, with the purpose of comparing 
this colour or taste with other colours and tastes, I am 
making a step in analysis. So, too, when I consider the 
form of an orange for the purpose of comparing it with the 
form of the eai-th, I ara making a step in analysis. And, 
Main, when 1 consider the howl of the dog with the object 
^Bomporing it with other sounds, I am making a step in 
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analysis. We may call the process by which we select a 
certain quality, and consider it by itself to the neglect of 
other qualities, isolation, and the products of the process 
we may term isolates* 

This process could not be initiated till a large body of 
constructive and reconstructive experience had been gained. 
But once initiated, there is no end to the process. We 
pick to pieces all the phenomena of nature, all the qualities 
and relationships of objects, the activities and functions of 
animals, the mental phenomena of which we are conscions 
in ourselves. We isolate the qualities, relationships, feel- 
ings ; and we name the isolates we obtain. Hence arises 
all our science, all our higher thought. In the terms 
which we apply to our isolates consists the richness of our 
language. 

We name the isolates ; that is, we apply to each an 
arbitrary symbol to stand for the isolated quality or rela- 
tion. All words (except the obviously onomatopoetic, such 
as "bow-wow," "cuckoo," etc.) are arbitrary symbols 
associated with objects, or qualities, or relations, or other 
phenomena. And abstract names of isolates are, so to 
speak, the pegs on which we hang the qualities we have 
separated by analysis and isolation, while class-names are 
pegs upon which we can hang a group of similars reached 
by the process of isolation ; for all classing and grouping 
of objects, or qualities, or relations involves, so far as the 
process is a conscious one, the principle of analysis. In 
classing objects, we group them in reference to certain 
characters which they have in common, disregardiag 
certain other characters in which they diflfer. We group 
together, for example, sights, or sounds, or smells, and 
distinguish them from each other and from tastes and 
touches. And then we go further, and class all these 
together as sensations having certain characteristics in 
common whereby they are distinguished from perceptions 
of relation and so forth. 

* I avoiJ, for the present, the use of the terms ** abstraction ** and ** abstract 
idea " because they are employed in different senses by different antbon. 
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srbaps it may be objected tbat claseification comes 
\ earlier in the mental process than I am now puttiDg 
K2t may be said tbat tbe recognition of a sensation as 
neb, or a smell, or a sound involves a classification of 
■Btions in tbese categories, and that the simple percep- 
I of an orange involves the placing of the object in 
K class of bodies. And, undoubtedly, we have here the/ 
I of the process. ' Sensation and perception give usJ 
__ & materials for classification ; the perception of similarity! 
jid difference gives us the sine ^ifd non of the process^ 
levortheleBs, although there maybe an earlier unconscioua 
grouping of phenomena, it is only when the mind is 
pecially directed to these materials, with the object of 
Tonping them according to their similarities, that we can 
peak of classification proper— conscious and intentional 
ilassification, as opposed to unconscious grouping. And 
ttla involves the intentional selection of the points of 
timilarity, and discarding or neglecting the points of 
lifference. It involves the process of analysis or isolation, 
rfaeze is a vast difference between the perceptual recogni- 
aoQ of objects as similar, and conceptual classification 
m grounds of similarity. Just as the recognition of a 
lensation as now and not then, or here and not there, or 
LB doe to something outside us, gives us the germs from 
irhicb, on nltimate analysis, our ideas of time, space, and 
«asation are reached ; so does the recognition of these 
wnsations as of this kind and not that give us the germ 
jDDm which, on analysis, the process of classification may 
|M. ^ True, conscious, scientific classification is late in/ 
^bopment.N «;^ 

^^ond here let us notice that the conclusions we have \ 
jeaclicd in this chapter are the outcome of analysis and 
line sifi cation. The sensations with which we started are 
solates. In considering their quality, intensity, sequence, 
re vere isolating and classifying these special modes of 
iheir esistence. Localization and ontwatd projection in- 
mlved isolation. We simply see the orange before us. To 

ttond and explain how we come to see it as we do 
— — '- 
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see it involves a somewhat subtle analysis. We perceive 
it to be yellow, round, resistant ; and then, isolating these 
qualities, we reach conceptions of yellowness, roundness, 
and resistance, quite apart from oranges. Throughout onr 
description the terms we used were very largely terms 
denoting classified isolates. 

Lastly, having enormously increased our knowledge by 
this process of isolation, we proceed to build in the bi^ow- 
ledge thus gained to the structure of our constructs. This 
is the third and last stage in construction. The first stage 
is the formation of indefinite constructs by immediate 
association ; the second is the definition of constructs by 
examination ; and the third is the completion of constructs 
by synthesis. 

And the further this process of analysis and isolation 
is carried, the more we are, so to speak, floated off from 
the immediate objects of sense into the higher regions of 
abstract thought. Furthermore, by recombining our iso- 
lates in new modes and under new relations, we reach the 
splendid results of constructive imagination. 

In the brief description which I have now given of our 
mental processes, I have for the most part avoided certain 
terms which are current in the science of psychology. It 
will be well here to say a few words concerning these words 
and their use. The process of seTisation is sometimes 
defined as the mere reception of a sense-stimulus. Bat 
it is more convenient, and more in accordance with common 
usage, to call the simple result of a stimulus an impres- 
sion, and to apply the term ** sensation " to the discrimina- 
tion and recognition of the impressions as of such and such 
a quality. Sensation, then, is the reception and discrimina- 
tion of impressions which result from certain mddes of 
influence (stimuli) brought to bear on our organization. 
Viewed in this way, therefore, even sensation involves a 
distinct reaction of the mind ; it implies the first stage of 
mental activity. But when the sensations are given 
objective significance, when they suggest the existence of 
an object-world without us, they enter the field olpercq- 
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Here the discriminated sense-impression is, to dbb 
I of Mr. SuUj, " sni)pleiaented by an accompuii- 
\ or escort of reviTed sensations, the whole aggregate 
lUal and revived scnsatious being solidified or iute- 
[ into the form of a prrccj/t ; that is, au apparent!; 
iktnediato apprehension or cognition of an object now 
resent in a particular locality or region of space." • 
hrpnghout the whole process of the formation of con- 
Hbts by immediate association, and their definition by 
^Hination, we were dealing with perception and percepts. 
V'when ve reach the stage when particular qualities 
ire isolated, then we enter the field of cnn-jitMU. The 
ilates are concept*. Class-names, reached throngh pro- 
BS«s involving isolation, stand for concepts. And com- 
Eited conetmctions, involving synthesis of the results of 
lalysis, contain conceptual elements. The word "oon- 
pt," however, is used in different senses by different 
thors. Mr. Sully says.t for example, " A concept, 
tiGTwisd called a general notion, or a general idea, is 
e representation in our minds answering to a general 
.me, such as 'soldier,' 'man,' 'animal.' . . . Thus the 
ncept ' soldier ' is connected in my mind with the repre- 
atations of various individual soldiers known to me, 
tieu 1 nse the word 'soldier,' . . . what is in my mind 
a kind of composite image formed by the fusion or 
ulescenco of many images of single objects, in which 
iividaal difTerences are blurred, and only the common 
btares stand out distinctly. . . . This may be called a 
pical or generic image." But Noire, quoted by Professor 
IX Miiller,! taking another illustration, says, " All trees 
;herto seen by me leave in my imagination a mixed 
age, a kind of ideal presentation of a tree. Qnite 
ferent from this is my concept, which is never an image." 
bUow Noire ; and I hold that the image, in so far as it 
an image, whether simple or coraiiOBite,§ is a percept ; 

• " OulllHM of I^ijdLology," p. 163, t Ibid. p. 3S9. 

loumov of TUongln." p. 453. 
t ooiuifOuuJ OT gvDcriu iilmu "not coniiGinuely tiiod uud elgned l>y 
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but that, in bo far as there enter into the idea of the 
soldier or the tree elements which have been isolated by 
analysis, just in so far does the word " soldier" or "tree" 
stand for a concept. How far a word stands for a percept, 
and how far there enter conceptual elements, depends to 
a large extent on the level of intelligence of the hearer. 
The moment educated and intellectual folk begin to think 

meaoB of an abstract name," Mr. Romanes (*' Mental Evolation in Han," p* 
36) has suggested the term ''recept." In the photographic psychology which 
he adopts, the percept is an individual and particular photograph, the reoept a 
generalized or composite photograph. '* The word * recept,' " he says, ** is §een 
to be approprliite to the class of ideas in question, because, in reoeiring soch 
idc^is, the mind is passive.*' This, it wiU be observed, is in opposition to the 
teaching of this chapter, in which the activity of the mind in perception has 
been insisted on. Mr. Romanes's recepts answer in part to what I have 
termed ooflMirucUy which, as we Iiave seen, arc, as a rule, from the first general 
ratlier than particular, and in part to concepts reached through analysiL Mr. 
Romanes, for example, speaks of ideas of principles (e.g. the principle of the 
screw) and ideas of qualities (e.r/. good-for-eating and not-good-for-eating) ai 
recepts (p. 60). On the other hand, Mr. Mivart (** The Origin of Human 
ReaHon," p. 59 ; see also his work " On Trutli ") terms such generic affectiooi 
** sensuous universals." It may be well to append Mr. Romanes's and Mr. 
Mivart's tabular statements. 

Mr. Bomanes. 

(General, abstract, or notional = Concepts. 
Complex, compound, or mixed = Recepts, or 
generic ideas. 
Simple, particular, or concrete = Memories of per- 
cepts. 

Mr. Mivart. 

J / General or true universals = Concepts. 

'^^^^^ \ Particular or individual = Percepts. 

Groups of actual experiences ) o 

combined with ^nsuous = Sensuous nmrer- 

reminiscences | ^^^ °' '^*^ 

G rou ps of si mply j uxtaposed \ _ Sense-peiteptioos, 
actual experiences / "" or senoepts. 



Sensitive Cogni- 
tive Affections 



In Mr. Mivart's tenninology, the representations of the lower groap are 
•* mental images" or ** phantasmata." The term "consciousness" is by him 
restricted to the higher region of ideas, the term ** consentienoe " being appW 
to the faculty by which cognitive aflfections are felt, unified, and grouped 
witliout consciousness. There is a difference in hind, according to Mr.Mifait, 
between ** consenticuce " and ** consciousness ; " and the former oould therefore 
never develop into the latter, nor the latter be evolved from the formtf. For 
tin's rea::on (because of the philosopliy it is intendeil to carry with it) laball 
not employ the word ** conseutience," which would otherwise be a mefol 
term. 
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Hbout their words, or the objects for which they stand, 
conceptna) elements are sure to crowd in. 

There is one more fefttnre of these mental processes in 
man, and that by no means the least important, that 
remains for brief consideration. I began by saying that 
the primary end and object of the reception of the influences 
of the external world, or environment, is to enable the 
organism to answer to them in activity. We saw that the 
sight of an orange BUggeflte, through association, its taste ; 
and that the vaUdity of the association could be verified by 
going to the orange and tasting it. "We saw, too, that 
when I beard a dog howl in the street, and, going to the 
window, saw a small boy with a stone in his hand, I con- 
slnded that he was going to throw it at the dog. What I 
trish now to elicit is that out of perceptions through asso- 
siation there arise certain expectations, and that the 
MtivitieB of organisms are moulded in accordance with 
these expectations. 

It is clear that these expectations or anticipations 
DelODg partly to the presentative or constructive order, and 
putly to the reconstructive or representative order. They 
ire in some cases directly suggested by the presentations 
sf sense; they are also built up out of representations 
vfaioh have become associated with the constructs in 
caemory and through experience. But what we have here 
specially to notice about them is that, in the latter case, 
ihey involve more or less distinctly the element which we, 
A the language of our developed thought, call causation. 
There is ajfiquence_of_G vents, and the perception of certain, 
>f tiiese gives rise, through association and experience, to 
in expectation of certain succeeding phenomena. Expeeta- 
ions are, therefore, the outcome of the hnked nature of 
shenoniena. And when we come eventually to think about 
■he phenomena, and how they are linked together into a 
ihain (succeesional) or web (coexistent), we reach the con- 
jeptioQ of causation as the connecting thread. In early 
^MBB of the mental process, such a conception does not 
B«rgc. Nevertheless, the phenomena are perceived as 

L 
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linked or woven. And the mental process by which we 
pass from any perceived event or existence to other pre- 
ceding, concomitant, or subsequent events or existences 
linked or woven with it in the chain or web of phenomena, 
we call inference* When, for example, I find a footprint 
in the sand, I infer that a man has passed that way ; and 
when the clouds are heaped up heavy and black, I infer 
^that a storm is about to burst upon us. 

Concerning inference, of which I shall have more to 
say in the next chapter, I have now to note that it is of 
two kinds: first, perceptual inference, or inference from 
direct experience ; secondly, conceptual inference, or infer- 
ence based on experience, but reached through the exercise 
of the reasoning faculties. , The latter involves the proems 
of analysis or isolation ; the former does not. There is a 
marked difference between the two. Perceptual inferences 
are the outcome of practical experience, but do not go 
beyond euch practical experience. Conceptual inferences 
are also based on experience, but they predict occurrences 
never before experienced. Perceptual inferences, again, 
deal with matters practically; but conceptual thoogbt 
explains them. 

The expectation of a storm when the thunder-clouds are 
heavy is a case of perceptual inference. It is the outcome 
of a long-established association, and is not reached by a 
process of reasoning involving an analysis of the pheno- 
mena. But if, though the sky is clear, a west wind and 
a rapidly falling barometer lead me to predict rain, the 
inference is conceptual, and gained by me or for me by a 
process of reasoning ; for the barometer was the outcome 
of the analysis of phenomena. In the mind of the rough 
sailor-lad, however, the fall of the mercury and the snc- 
ceeding storm may be connected by mere perceptual 

* We do not speak of the filling in the complement of a pferoept (the cm- 
struction of the object at the bidding of a simple impres^on) as a matter of 
conscious inference. I do not consciously infer that yonder moas-roae is 
scented. Scent is an integral part of the construct. From the appearauceof 
thQ rose, I may, however, infer that a rose-chafer has disturbed ifci petals. 
The complement of the percept, if inferred at all, is unconsciously iuferwd. 
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infereDce, tlie phenomena being simply associated together. 
1/. however, there is any attempt at explanation, correct or 
incorroct, there is so far a conceptual element. In a little 
fishing-village on our south coast, a benevolent lady 
presented the fishermen with a Fitzroy barometer. I 
happened aburtly after to remark to one of the men that 
the Bummer had been unusually stormy. " Yes, sir," he 
said, " it has. But then, you see, the weather hasn't no 
chance against that new glass." Here there was an 
attempted explanation of the phenomena. Tbe falling 
glass was conceived as somehow causing bad weather. 

It is hard to draw the line between perceptual and con- 
ceptual inferences, or rather to say, in this or that case, to 
which class the inference belongs, because man, through 
language, lives in a conceptual atmosphere. Moreover, 
the same result may, in different eases, be reached by per- 
ceptual or by conceptual inference. A child who had seen 
a great number of ascending balloons might, on seeing a 
balloon, expect it to ascend by a perceptual inference ; but 
a man, knowing that the balloon was full of a gas lighter 
than air, might expect it to ascend tlirough the exercise of 
conceptual inference. And just as in adult civilized life 
oiir constructs have more and more conceptual elements 
built into them, so do onr inferences become more and 
more reasoned. It is probable that in an adult English- 
man every inference has a larger or smaller dose of the 
conceptual element. 

With the development of language we state our in- 
ferences in the form of propositions, and call them 
jodgmeuts. "Every proposition," says Mr. Sully,' "is 
made up of two principal parts: (1) the subject, or the 
name of that about which something is asserted ; (2) the 
predicate, or the name of that which is asserted. Thus, 
when we affirm, ' This knife is bluflt,' we affirm or 
predicate the fact of being blunt of a certain subject, 
namely, ' this knife.' Similarly, when we say, ' Air 
erarcdes,' we assert or predicate tbe power of corroding of ^^^B 

H ■ " OulliuQi of Fsf oliolos;," p. 393. ^^^H 
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the subject * air.' '* The proposition always involves con- 
ceptual elements ; for the predicate of a proposition is 
always an abstract idea or general notion. 

Propositions so formed may then become lints in a 
chain of reasoning. " To reason is," says Mr. Sully,* '*to 
pass from a certain judgment or certain judgments to a 
new one." And so passing on from judgment to judgment, 
we may ascend to the higher levels of abstract thought. 
According to Mr. Sully's definition, therefore, we start from 
a judgment or judgments in the process of reasoning. 
The formation of a judgment (conceptual inference) is, 
however, the first step in a continuous process ; and I pro- 
pose, under this term, " reason," f to include this first step 
also. The formation of a conceptual inference I regard as 
the first stage of reason. Any mental process involying 
conceptual inference I shall call rational. 

In contradistinction to this, I shall use the term "in- 
telligence " for the processes by which perceptual inferences 
are reached. An intelligent act is an act performed as the 
outcome of merely perceptual inference. _Aj:ationalacti8 
the outcome of an inference which contains a conceptual 
element. 

♦ " Outlines of Psychology," p. 414. 

t Mr. Romanes adopts a different use of the terras ** reason" and ** FatioDalj" 
to which allusion will be made in the next chapter. 



CHAPTER IX. 



■TAL PROCESSES IN ANIIULS : THEIR POWERS OF PEECEPTION 
AND INTELLIOENCE. 

I things I have been especially auxious to bring out 
uinently in the foregoing chapter ; first, that tho 
krid we see around us ia a joint product of two factors 
tthe outward existence, on the one hand, and our active 
ind on the other; and secondly, that our meutal pro-i 
jsea and products fall under two categciries— on the one ' 
nd, perception, giving rise to percepts, perceptual 
lerences, and intelligence, and on the other, conception 
bvolving the aualyaia of phenomena), giving rise to cen- 
ts, coOoeptual inferences, and reason. 
t NdW, IMa ansious that the former — to take that first — 
jpuld be laid hold of and really grasped as an indubitable 
It is implied in the word " phenomena." that is to Bay, 
We can only know the world as it appears 
fcd U)^^rld*a lor us what it appears. There is 
Fconflicb with common sense ; the practical 
_ _ ft IB altered no whit. Suppose philosophy 
)e)tiaa'^phAomena, so as to get a peep at tbe 
'Sot! Suppose Carlyle tells ns that " All visible 
} are umblems; what thou seest is not there on its 
Ft acfiotiut; strictly tah(;n, is not there [as sucb] at all; 
fktter exists only spiritually, and to represent some idea 
and boii;/ it forth." -Has he altered the reality of tbe 
phenomena themselves ? Not in the smallest degree. 
Suppotie the materialist gives us his analysis of pheno- 
mena. Aray t the phenomena he analy2e8 stiil the same, 
■101 e((lii|il|E^al ? No matter how far he analyzes pheno- 
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mena, behind phenomena he cannot get. The materialist 
resolves all phenomena into matter in motion or into 
energy, and says that these are the only real existences. 
But they are no more real (they are a good deal less real 
to most of us) than the phenomena with which he started. 
How can the results of analysis be more real than that 
which is analyzed ? Moreover, the matter and energy are 
still phenomena, and involve, as such, the percipient mind. 
Do what you will, you cannot get rid of the mental factor 
in phenomena. 
/ It is possible that my use of the word ** construct," my 
saying that the object is a thing which each of us constructs 
at the suggestion of certain sense-stimuli, may lead some 
to suppose that the process is in some sense an arbitrary 
one. This, however, would be a misconception. The 
process under normal conditions is just as inevitable as is, 
under normal conditions, the fall of a stone to the ground. 
The law of construction for human-folk is as much a law 
of nature as the law of gravitation. Both laws are con- 
densed statements of the facts of the case. There is 
nothing arbitrary, lawless, or unnatural in the one or the 
other ; the phrase merely emphasizes the essential presence 
of the mental factor. 

If this principle be once thoroughly grasped, it will be 
seen how shallow and misleading is the view that the 
world is just reflected in consciousness unchanged as in a 
mirror, or faithfully photographed as on a sensitive plate. 
This is to reduce the human mind, which is surely no whit 
lesz complex than the human body, to the condition of a 
mere passive recipient inbtead of a vital and active i^ent 
in the construction of man's wgrld. 

The next point we have to consider is why we believe, 
as you and I practically do believe, that the world of 
phenomena exists as such, not merely for you and for me, 
but for man. Is it not because we believe in the practical 
unity of mankind ? Is it not because we believe that, 
greatly as the conceptual and intellectual superstructure 
may differ in different individuals, the perceptual basis 
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md fouiidaticni are practically identical ? The senses and 
Ewnse-organs give, in all normal individuals, sense-data, 
irhioh differ only within comparatively narrow limits ; and 
ilough the intellectual and moral world of the Bushman 
nd the North Australian may differ profoundly from those 
Sbakespeare and Pascal, the perceptual wovid is, we 
kve every reason to suppose, within these narrow limits, 
pe same. This we may fairly believe ; but even so there 
ItTifit be, nay, we know that there are, very great differences 
I the interpretation of the perceptual world. The indi- 
idnai cannot divest himself of the intellectual and con- 
iptnal part of his nature. We, for whom phenomena are 
bore or less conditioned by science, find it difficult to 
pink ourselves into the position of the savage, whose 
perceptual world is conditioned by crude superstition.. ■ 
elements o/ his perceptual world are the same as 
Bars, but the light of knowledge in which we view them is, 
for hira, very dim. When we try to realize his world we y 
find it exceedingly difficult. ^ 

And when we come to the lower animals — even those 
nearest ns in the scale of life — the difficulties are 
enormously increased. The sense-data are probably much 
the same, but they arc combined jn different proportions. 
Olfactory sensation roust, one would suppose, be built into 
the constructs of the dog and the deer to an extent which 
we cannot at all realize. And then, as Mr. P. G. Hamerton 
has well said, we have to take into account the immensity 
of the ignorance of animals. That ignorance, in combiua- 
ttOD with perfect perceptual clearness (ignorance and 
flieutal clearness are quite conipatihte) and with incon- 
L-ceivably strong instincts, produces a creature whose mental 
ntea we can never accurately understand. 
I am tempted here to give the instance Mr. Hamerton 
tes • in illustration of the ignorance of animals. 
" The following account of the behaviour of a eow," he 
I, "gives a glimpse of the real nature of the animal, 
se lODg-tailed cows, say Messrs. Hue and Gabet, ate so 
• "Chnj.terH on Aiiiuutltf," ]>, 9. 
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restive and difficult to milk, that to keep them at all qnie'^ 
the herdsman has to give them a calf to lick meanwhile^ 
But for this device, not a single drop of milk can be obtained 
from them. One day a Llama herdsman, who lived in the 
same house as ourselves, came with a long dismal face to 
announce that his cow had calved during the night, and 
that, unfortunately, the calf was dying. It died in the 
course of the day. The Llama forthwith skinned the poor 
beast and stuffed it with hay. This proceeding surprised 
us at first, for the Llama had by no means the air of a man 
likely to give himself the luxury of a cabinet of natural 
history. When the operation was completed, we found 
that the hay-calf had neither feet nor head ; whereupon it 
occurred to us that, after all, it was perhaps a pillow that 
the Llama contemplated. We were in error, but the error 
was not dissipated till the next morning, when our herds- 
man went to milk his cow. Seeing him issue forth, the 
pail in one hand and the hay-calf under the other arm, the 
fancy occurred to us to follow him. His first proceeding 
was to put the hay-calf down before the cow. He then 
turned to milk the cow herself. The mamma at first 
opened enormous eyes at her beloved infant ; by degrees 
she stooped her head towards it, then smelt at it, sneezed 
three or four times, and at last proceeded to lick it witli 
the most delightful tenderness. This spectacle grated 
against our sensibilities ; it seemed to us that he who first 
invented th\s parody upon one of the most touching 
incidents in nature must have been a man without a heart - 
A somewhat biu-lesque circumstance occurred one day to 
modify the indignatioa-'with which this treachery inspired 
us. By dint of caress % and licking her little calf, the 
tender parent one fine morning unripped it. The hay 
issued from within, and the cow, manifesting not the 
slightest surprise nor agitation, proceeded tranquilly to 
devour the unexpected provender." 

Are we surprised at the want of surprise on the part 
of the cow ? Why should we be ? What knows she of 
anatomy or of physiology ? If she could think at all about 



the matter, she vould, ng doubt, have expected her calf to 
be composed of condeiiBed milk. But failing that, why 
not hay? She had presumably Bome little esperience of 
puitin^ hay inside. Why noi Jitid hay inside ; aud, finding 
hay, why not enjoy the good provtnder thus provided? 
Bat clearly we must not expect the brutes to possegs know- 
Inlge to which they cannot attain about matters which in 
no wise concern their daily life. 

" In our estimateB of the characters of animals," con- 
tinues Mr. Hamerton, in his comments on this anecdote, 
" wo always commit one of two mistakes — either we con- 
clude that the beaets have great knowledge because they 
are eo clever, or else we fancy that they must be stupid 
because they are so ignorant." " The main difficulty in 
conceiving the mental states of animals," says the same 
observeF, "is that the moment we think of thc-m as human, 
we are lost," Yes, but the pity of it is that we cannot 
think of them in any other terms than those of human 
consciousnesB. The only world of constructs that we 
know is the world constructed by man. 

" To Newton and to Newton's dog, Diamond," said 
Carlyle, " what a different pair of universes 1 while the 
painting in the optical retina of both was most likely the 
Bome," Different, indeed ; if we can he permitted, without 
extravagance, to speak of the universe as existing at all for 
Diamond, or allowed, except in hyperbole, to set side by 
side a conception of ultimate generality, like ihe universe, 
the summation of all conceptions, and "the painting in 
the optical retina." Carlyle's meaning is, however, clear 
enough. Given two different min s and the same facts, 
how different are the products ! i the conatruct formed 
on sight of the simplest object, we give far more than wo 
receive ; and what we give is a special resultant of 
inheritance and individual acquisition. No two of us give 
quite the same in amount or in quality. It is not too 
much to say that for no two human beings is the world we 
live in quite the same. And if this be so of human-folk, 
, how different must be the world of man from the world 
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of the dog — the world of Newton from the world of 
Diamond ! 

And we must remember that it is not merely that the 
same world is differently mirrored in different minds, but 
that they are two different worlds. If there is any truth 
in what I have urged in the last chapter, we c(m%tfvxi the 
world that we see. The sensations are, as we have seen, / 
mental facts, in no sense resembling their causes, bnt* 
representing them in mental symbolism. Percepts are the 
elaborated products of this mental symbolism. The 
question, then, is not — How does the world mirror itself id 
the mind of the dog ? but rather-^How far does the symbolic 
world of the dog resemble the symbolic world of man? 
How far is his symbolism the same as ours ? ) Only \^ 
fully grasping the fact that the external world of objects 
does not exist independently of us (though something 
exists which we thus symbolize), shall we realize the great- 
ness of the difficulty which stands in the path of the student 
of animal psychology. So long as we are content to accept 
John Bunyan's crude analogy of the gateways of sense, the 
difficulty is comparatively small. There is the outside 
world self-existent and independent ; a knowledge of it 
comes into the mind through the five gateways of sense— 
a picture pf it through the eye-gate, and so on. The dog 
has also five similar gateways. The world for him is, 
therefore, much the same as for us. But this is not a true 
analogy. The world we see around us is a joint product 
of an external existence, the independent nature of which 
we can never know, and the human mind. It is something 
we construct in mental symbolism. How far does the dog 
construct a similar world? The answer to this question , 
must, as it seems to me, be largely speculative. 

And what help have we towards answering it ? That 
afforded by the theory of organic evolution. If we accept 
that theory, and accept also the view that mental or 
psychical products are the inseparable concomitants of 
certain organic or physiological processes, then we have a 
basis from which to start. That basis I adopt. 
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Hnfortanately, we Iiavo at present but little particulur 
^Rcdge of the correlation of psycbical and physiological 
iieeB&es. We caDnot, b; the dissection of a brain, draw 
ach in the way of valid and detailed inference as to the 
iture of the psychical processes which accompany its 
ijsiological action. Fortunately, however, on the other 
tnd, there are certain physical manifestations which do 
id na, and that not a little, in drawing inferences from 
le physical to the mental. For organisms exhibit certain 
itivities, and from these activities we can infer to some 
Ltent the cliaracter of the mental processes by which they 
re prompted. We are wont, in observing the actions of 
a fellow-men, to draw conclusions (often, alas ! erroneona) 
I to the mental proeeaaea which accompany them. We 
re ourselves active, and we are immediately conscious of 
le modes of coascionaneaa which accompany our actions, 
bm the activities of organisms give us some clue to their 
ental processes, and it is through observation of their 
lysical activities that we gain nearly all that is of par- 
iiilar value concerning the mental activities cf animals, 
itte activities we shall have to consider more fully In a 
tore chapter. In the present chapter we shall consider 
am only so far as they give ns information concerning 
e perceptual world (or worlds) of animals, and the nature 
the inferences which we may sappose animals to draw 
(in the phenomena which fall within their observation. 
I think that, from the fundamental identity of life-stuff, 
protoplasm, in all forms of animal life, and &om the 
Bervtd similarity of nerves and nerve-cells when nervous 
sue has been developed, and again from tbe eaaential 
MBblance of life-jirocesses in all animal organisms, we 
IstiSed in believing that mental of coniicious pro- 
k when they emerge, are essentially similar in kind. 
■; when they do emerge in the ascending branches 
J great tree of animal life it is esceedingly difficult, 
Bqaite impossible, to determine. And it is, I fancy, 
tDpossibte for us so to divest ourselves of the com- 
' of human cousciousneaa as to imagine wliat the 
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simplicity of the emergent consciousness in very lowly 
organisms is like. But I think that we may fairly belieye 
that some dim form of discrimination is the germ from 
which the spreading tree of mind shall develop.* 

I assume, then, that, granting the theory of evolatioii, 
the early stages of the process of construction — discrimina- 
tion, localization, and outward projection — are the same 
in kind throughout the whole range of animal life, wherever 
we are justified in surmising that psychical processes occur, 
and the power of registration and revival in memory has 
heen established. As will be gathered, however, from what 
I have already said, I hold that the nature of the con- 
structs produced is and must be for us human-folk, since 
we are human-folk, to a large extent a matter of specula- 
tion. Remembering this, then, endeavouring never to lose 
sight of it for a moment, let us consider what we may 
fairly surmise concerning the constructs and the process 
of construction in animals. 

There can be no question that the animals nearest ns 
in the scale of life — the higher mammalia — ^form constructs 
analogous to, if not closely resembling, ours. I do not 
think the resemblance can be in any sense close, seeing to 
how large an extent our constructs are literally our /wwJt- 
work. For though in many animals the tongue and lips 
are delicate organs of touch — not to mention the trunk of 
the elephant — and though in the monkeys and many 
rodents the hands are used for grasping, still we have no 
reason to suppose that in any other mammal the geome- 
trical sense of touch plays so determining a part in the 
formation of constructs as in man. On the other hand, 
in the dog and the deer, for example, not only must the 
marvellously acute sense of smell have a far higher sug- 

* Or perhaps we may say, in the language of analogy, that when the 
germinal psychoplasm of some dim form of organic memory is fertilized by 
the union therewith of the more active male element of (Uscrimin.ition, a 
process of segmentation of the psychoplasm sets in by which, in pr'-cesa of 
dilfc-rentiution, the tissues and oigaus of the mind are eYentually developed. 



Mental Processes in Animals. 



339 



testive Talue, but smells and odoura must, one would 

ftippose, be built into the constructs in a far larger pro- 

nrtion. But although their coustructs may not closely 

isemble ours, the constructs of animals may, I believe, 

I fairly regarded aa closely analogous to our own. And 

I vith us, so with them, a comparatively simple and 

)eagre suggetitioQ may give rise, through association in 

kpertence, to the construetion of a complex object. And 

;ain, as with us, so with them, the suggested construct 

f be very vague and indefinite. 

A dog, for example, is lying asleep upon the mat, and 

1 unfamiliar step in the porch without. There can 

e no question that this suggests the construct man. But 

wm the very nature of the case, this must be vague and 

ide&nite. So, too, when a chamois, bounding across the 

r-fields, stops suddenly when he scents the distant foot- 

nta of the mountaineer, the construct that he forms 

mot be in any way particuIariKed — no more par- 

I ticnlarized than is to me the sheep that I hear bleating 

1 the meadow behind yonder wall. 

And no one is likely to question the fact that animals 
I babitnally proceed from this first stage — the formation of 
:ts by immediate association — to the second stago 
f construction — the defining of constructs by examination, 
many of the deer tribe, notably the prong-bom of 
oaerica, this tendency is so strongly developed that they 
y be lured to their destmetion by setting up a strange 
1 unfamiUar object which, as we put it, may excite their 
irioaity. A strange noise or appearance will make a dog 
' until he has by examination satisfied himself of 
B nature of that which produces it. Of this an instance 
under my observation a few days ago. My cat was 
Ueep on a chair, and my little son was blowing a toy 
The cat, without moving, mewed uneasily. I told 
f boy to continue blowing. The cat grow more nneasy, 
I at last got up, stretched herself, and turned towards 
B source of discomfort. She stood looking at my boy for 
\ tninate as be blew. Then curling herself up, she went 
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to sleep again, and no amount of blowing disturbed her 
further. Similarly, Mr. Romanes's dog was cowed at the 
sound of apples being shot on to the floor of a loft aboTe 
the stable ; but when he was taken to the place, and saw 
what gave rise to the sound, he ceased to be disquieted by 
it. Every one must have seen animals defining tiieir 
constructs by examination. A monkey will spend hours 
in the examination of an old bottle or a bit of looking- 
glass. At the Zoological Gardens connected with the 
National Museum at Washington, a monkey was observed 
with a female opossum on his knee. He had discovered 
the slit-like opening of the marsupial pouch, and took oat 
first one and then another of the young, looked them over 
carefully, and replaced them without injury.* 

There may possibly be some difference of opinion as to 
whether animals are able to infuse into their constructs 
of other animals the element of feeling. One would, per- 
haps, fain believe that the beasts of prey were wholly 
unaware of the pain they inflict on other organisms. But 
I question whether any close observer of animals ooold 
hold this view. Even if it were supposed that when two 
dogs fight they are blind to the pain they are inflicting on 
each other, their mock-fighting seems to imply a con- 
sciousness of the pain they might inflict, but avoid inflict- 
ing. And many of us have presumably had experiences 
analogous to the following: A favourite terrier of mine 
was once brought home to me so severely gashed in the 
abdominal region that I felt it necessary to sew up the 
wound. In his pain the poor dog turned round and seized 
my hand, but he checked himself before the teeth had 
closed upon me tightly, and piteously licked my hand. 
For myself, I cannot doubt that animals project into each 
other the shadows of the feelings of which they are them- 
selves conscious. 

The fact that dogs may be deceived by pictures t shows 
that they may be led through the sense of sight to form 

* Nature, vol. xxxviii. p. 257. 

t For examples, see Homanes's " Animal InteUigenoe," p. 455. 
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|lse constructs, that is to say, conHtructa which esamlna- 
oghoffs to be false. Through my friend and colleague, 
r. A. P. Chattock, I am able to give a caae in point. I 
Dote from a letter received by Mr. Chattock: "Your 
Itlier asks me to tell you about our old spaniel Dash and 
» picture. I remember it well, though it must be some- 
bere about half a century ago. We had just impacked 
d placed on the old square pianoforte, which then stood 
\ the end of the dining-room, the well-known print of 
indaeer'a ' A Distinguished Member of the Hnmaue 
Ociety.' When Dash came into the room and caught 
jht of it, he rushed forward, and jumped on the chair 
iich stood neat, and then on the pianoforte in a moment, 
Bid then turned away with an expression, as it seemed to 
■w, of supreme disgust." 

I think we may say, then, that the higher animals are 
si'lo to proceed a long way in the formation and definition 
"f highly complex constructs analogous to, but probably 
difTering somewhat from, those which we form ourselves. 
'heae constructs, moreover, through association with re- 
Wnatructs or representations, link themselves in trains, so 
"i&t a sensation or group of sensations may suggest a 
Wries of reconstructs or a series of remembered phenomena. 
"e here approach the ciuestion of inferences, of which 
"•ore anon. But in this connection passing reference may 
•* made to the phenomena of dreaming. Dogs and some 
"ther animals undoubtedly seem to dream. 

Thenature of dreaming may, perhaps, he best illustrated 

^a rough analogy. Professor Clifford likened the human 
scioneness to a rope made up of a great number of 
asionaDy interlacing strands. Let us picture such a 
'^^pc floating in water. Much of it is submerged ; only 
^**« opiwr part is visible at the surface. This upper part 
*^ like the series of mental phenomena of which we are 
^■Mtinctly conscious. Below this he other series in the 
^Pmf-sabmerged state of subconsciousness. Deeper still lie 
^BUconscious physiological processes capable of emerging 
^fetu the shadow of subconsciousness or the light of distinct .1 
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consciousness. Now picture this rope gradually slipping 
round as it floats, so that now one part, now another, sees 
the light. This is analogous to the musing state, when 
we allow our thoughts to wander unchecked by any effort 
of attention. Attention is the faculty by which we steady 
the rope, so that one particular strand is kept continuoasly 
uppermost. The inattentive mind is one in which the rope 
keeps slipping round and refuses to be steadied in this 
manner ; and in unquiet sleep, when the faculty of attention 
is dormant, the strands come quite irregularly and hap- 
hazard to the surface, and we have the phantasmagoria of 
dreams. 

In the dog or the ape the rope is presumably in- 
comparably simpler. But that it is of the nature of a rope 
we may, perhaps, not improbably ^^^mise. Interest and 
the attention it commands steadyNi^e rope. Animals 
differ widely in their power of attention, as every one 
knows who has endeavoured to educate hid pets. Darwin 
tells us that those who buy monkeys from the Zoological 
Gardens, to teach them to perform, wiU give a higher price 
if they are allowed a short time in which to select those in 
which the power of attention is most developed; And 
when animals dream, their consciousness-rope is slipping 
round unsteadily. That they do apparently dream is, 
so far, evidence of their possessing linked chains of 
memories. 

In speaking of the faculty of attention in animals, it 
may be well to note that attention is of two kinds — per- 
ceptual or direct, and conceptual or indirect. In perceptual 
attention its motive is directly suggested by the object 
which stimulates this concentration of the faculties; a 
menacing dog, for example, stimulates my perceptual 
attention. In conceptual attention the motive is ulterior 
and indirect. The concentrated attention which a man 
devotes to the acquisition of Sanscrit does not arise directly 
out of the symbols over which he pores ; it is of intellectual 
origin. 

In the normal life of animals the attention is of the 
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iTceptiial order ; it is a direct stimulation of the facultiea 
trough a perceptual preseutation of eense or representa- 
1 in memory which gives rise to an appetence or aver- 
The importance of such a faculty ia ohvious. Aa 
B. Bibot well says, it is no less than a condition of life. 
Ibc carnivorous animal that had not its attention rousod 
1 BJght of prey would etaud but a poor chance of fiurvival ; 
^e prey that had not ita attention roused by the approach 
I ita natural enemy would stand but a poor cbance of 
^ape. The emperor moth that had not ita attention 
niBed by the scent of the virgin female would stand but a 
K)or chance of propagating its species. 

We are not, however, at present in a position further to 

icoss this matter. For there is a factor in the process 

tiich we shall have to consider more fully hereafter — the 

taotional factor. The hungry lion is in a very different 

BitioD, so far aa attention is concerned, from the satiated 

mal. The force and volume of the attention depends 

bt merely, or even mainly, upon the intensity of the 

mains, but on the emotional state of the recipient 



Sndeavonr to divert the attention of any animal which 
I intent upon some action connected with the main husi- 
of its life — nutrition, self-defence, or the piopaga- 
pn of the species — the force of attention will at once be 
P>Ti0UB. 

Id the training of animals (and young children) artificial 
Mociations, pleasurable or painful, have to be established 
U connection with certain actions. Abnormal appetencea 
Kand aversions have to be introduced into the mental con- 
tttutioD. In this process much depends on the plasticity 
I tbe constitution. In the absence of such plasticity it ia 
gapOBsible to establish new associations. 

We have seen that words are arbitrary" symbols, which 
ve associate with objects, or quaUties, or actions. Can 
aninialB, we may ask, form such arbitrary associations? 
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There can be little question that they can. Many of the 
higher animals understand perfectly some of owr irords. 
The word **cat" or "rats" will suggest a construct to 
the dog on which he may take very yigoroas action. How 
far they are able to communicate with each other is a 
somewhat doubtful matter. But the signs by which sneh 
communication is effected are probably far less arbitrary. 
And, in any case, the communication would seem to 
refer only to the here and the now. A dog may be 
able to suggest to his companion the fact that he faa.s 
descried a worriable cat ; but can a dog tell his neigh- 
bour of the delightful worry he enjoyed the day before 
yesterday ? 

I imagine that what a dog can suggest to his neiglm - 
hour is what we symbolize by the simple expressioxs 
" Come." But I am fully aware that other observers will 
interpret the facts in a different way. Here is an anecdote 
that is communicated to me by Mr. Robert Hall Warren^ 9 
of Bristol. ** My grandfather," he says, "a merchant o^ 
this city, or, as Thomas Poole, of Stowey, would hav^ 
preferred calling him, * a tradesman,' had two dogs, one ^^ 
small one and another larger, who, being fierce, rejoicecJ- 
in the appropriate name of Boxer. On one of his business 
journeys into Cornwall he took the smaller dog with him ^ 
and for some reason left it at an inn in Devonshire^ 
promising to call for him on his return from Cornwall* 
When he did so, the landlord apologized for the absence 
the dog, and said that, some time after my grandfather 
left, the little dog fought with the landlord's dog, and 
came off much the worse for the fight. He then dis- 
appeared, and some time afterwards returned with another 
and larger dog, who set upon his enemy, and, I think, 
killed him. Then the two dogs walked off, and were no 
more seen. From the description given, my grandfather 
had no doubt that the larger dog was Boxer, and, on 
returning home, found that the little dog had come back, 
and that both dogs had gone away, and, after a time, had 
returned home, where he found them." Now, some will 
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say that the little dog told Boxer all about it ; but I am 
inelined to believe that the facts may be explained by the 
communication " Come." 

Dogs can also communicate their wishes to us. The 
^ion of begging in dogs is a mode of communication with 
QB. Ifr. Romanes tells of a dog that was found opposite a 
'abbit-hutch begging for rabbits. When I was at the 
Diocesan College near Capetown, a retriever, Scamp, 
'ised to oome in and sit with the lecturers at supper. He 
despised bread, but used to get an occasional bone, which 
lie ^fas not, however, allowed to eat in the hall. He took 
't to the door, and stood there till it was opened for him. 
On one occasion he heard without the excited barking of 
^^ other dogs. He trotted round the hall, picked up a 
piece of bread which one of the boys had dropped, and 
®tood with it in his mouth at the door. When it was 
opened, he dropped the bread, and raced off into the 
"^x^kness to join in the fun. In a similar way, but with 
^Bs marked intelligence, I have seen a dog begging before 
* door which he wished opened. My cat has been taught 
^ touch the handle of the door with his paw when he 
^^hes to leave the room. Mr. Arthur Lee, of Bristol, 
^Us me that a favourite cat has a habit of knocking for 
*dxnittance by raising the door-mat and letting it fall. 
•'• IUb is an action similar to those communicated by several 
^*>Bervers to Nature, where cats have learnt either to knock 
*^^ admittance or to ring the bell — an action which, as my 
'^^nd, Mr. J. Clifton Ward, informed me, was also per- 
^**^^rmed by a dog of his. I thinkf^herefore, that it is 
^^^^questionable that the higher animals are able to jsssociate 
**>)itrary signs with certain objects and actions, and to 
^^ild these signs into the constructs that they form. Sir 
^hn Lubbock has tried some experiments with his in- 
^lligent black poodle Van, with the object of ascertaining 
^Ow far the dog could be taught to communicate his wishes 
^^ means of printed cards. **I took,*' he says,* "two 
Pieces of cardboard, about ten inches by three, and on one 

• •* The Senses of Animals," p. 277. 
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of them printed in large letters the word * FOOD/ leaving 
the other blank. I then placed the two cards over two 
saucers, and in the one under the ' Food ' card put a little 
bread-and-milk, which Van, after having his attention 
called to the card, was allowed to eat. This was repeated 
over and over again till he had had enough. In about ten 
days he began to distinguish between the two cards. I 
then put them on the floor, and made him bring them to 
me, which he did readily enough. When he brought the 
plain card, I simply threw it back ; while, when he brought 
the ' Food ' card, I gave him a piece of bread, and in about 
a month he had pretty well learned to realize the difference. 
I then had some other cards printed with the words * Out,' 

* Tea,' * Bone,' * Water,' and a certain number also ^th 
words to which I did not intend him to attach any sig- 
nificance, such as * Nought,* * Plain,* * Ball,* etc. Van soon 
learned that bringing a card was a request, and soon 
learned to distinguish between the plain and printed cards; 
it took him longer to realize the difference between words, 
but he gradually got to recognize several, such as ' Food,' 

* Out,* * Bone,' * Tea,* etc. If he was asked whether he 
would like to go out for a walk, he would joyfully fish 
up the * Out ' card, choosing it from several others, and 
bring it to me or run with it in evident triumph to the 
door. 

"A definite numerical statement always seems to me 
clearer and more satisfactory than a mere general assertion. 
I will, therefore, give the actual particulars of certain days. 
Twelve cards were put on the floor, one marked * Food' 
and one * Tea.' The others had more or less similar 
words. I may again add that every time a card was 
brought, another similarly marked was put in its place. 
Van was not pressed to bring cards, but simply left to do 
as he pleased.* 

♦ As I understand the observations here tabulated, the twelve cards lit 
always within Van's reach and sight. An ordinary untrained dog would h»t« 
taken no notice of them. But Van, when he wanted food or tea, went and 
fetclied the appropriate card, and got what ho wanted in exchange. In twelw 
days he only made two mistakes, bringing *' Nought " once and '* Door** on* 
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in by a conscious creature, must be associated directly or 
indirectly with pleasurable feelings ; nay, more, if it is to 
be persistently persevered in, its non-performance must be 
associated with tbat dull form of pain which we call a 
eraving or want. Only under sneh conditions could 
activities wbich lend to the survival of the individual and 
the race be fostered and furthered. 

It must be remembered, however, that such association 
founded on experience, and has no necessary validity 
syond experience. That quinine, though unpleasant to 
le taste, is, under certain circumstances, beneficial to the 
[dividual, and that acetate of lead, though sweet-tasted, 
bai-mful, cannot be fairly urged in opposition to this 
rinciple, since the effects of these drugs form no part of 
le normal experience of the individual and the race. Nor 
in it be fairly objected that animals transported to new 
)Uiitrie8 often oat harmful and poisonous plants pre- 
lably because they are nice ; for these plants form part 
an unwonted environment. Nor, again, is the fact that 
le association of pleasure with conservative action and 
ain with harmful action is not always perfect, in any 
fatal to the general principle. For the establishment 
the association is still in progress ; and with the increase 
the complexity of life its accurate establishment is more 
id more difficult. No one is likely to contend that what 
ppears to be a general principle must also be an invariable 
lie. The general principle is that under the joint in- 
lence of pleasiu-e (attractive) and pain (repellent) the 
eedle of animal life sets towards the pole of beneficial 
;tion. That the needle does not always point true only 
lostrates the fact that hfe-activities are still imperfect. 

Let us notice that it is imder the,/(«Hf action of pleasure 
jd pain tbat the needle sets. We must not think only 
' the positive aspect, and neglect the negative. What we 
now as wants, cravings, appetites, desires, and dis&atis- 
ictioDS, are dull and continuous pains,' which tend to 

in; mle. Batiar; Mr. Horbert Spencer's liofiiiitioii. 
a fuutiug nliicli nu M.'Uk lu liring iota 
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abstract ideas of qualities apart from the constmcts of 
which these qualities are elements ? Can we say, with 
Mr. Romanes,* "All the higher animals have general 
ideas of * good-for-eating ' and * not-good-for-eating,* guit« 
a^art from any particular objects of which either of ihm 
qualities happens to be chnra^cteristic ** ? Or with Leroy,t 
that a fox ** will see snares when there are none; his 
imagination, distorted by fear, will produce deceptive 
shapes, to which he will attach an abstract notion of 
danger " ? ^ 

Now, this is a most difficult question to answer. Bnt 
it seems to me that, if we take the term '' abstract idea'* in 
the sense in which I have used the word " isolate," we 
must answer it firmly, but not dogmatically (this is the 
last subject in the world on which to dogmatize), in the 
negative. Fully admitting, nay, contending, that this is a 
matter in which it is exceedingly difficult to obtain anything 
like satisfactory evidence, I fail to see that we have any 
grounds for the assertion that the higher animals have 
abstract ideas of "good-for-eating" or " not-good-fo^ 
eating,*' quite apart from any particular objects of which 
either of these qualities happens to be characteristic, t 

The particular example is well chosen, since the idea of 
bod is a dominant one in the mind of the brute. There 
can be no question that the quality of eatability is built in 
by the dog into a great number of his constructs. But I 
question whether this quality can be isolated by the dog, 
and can exist in his mind divorced from the eatables which 
suggest it. If it can, then the dog is capable of forming a 
concept as I have defined the term. I can quite imderstand 

♦ ** Mental Evolution in Man," p. 27. 

t "Intelligenco of Animals," p. 121. 

X Mr. Romanes also says (*' Mental Evolution in Animals," p. 235), 
" This abstract idea of ownership is well developed in many if not in most 
doj^s." By an abstract idea of ownership I understand a conception of owner- 
ship which, to modify Mr. Romanes's plirase, is quite apart from any objects 
or persons of whicli such ownership happens to be characteristic. Even if we 
believe that a do(^ can regard this or that man as his owner, or tiiis or tbat 
o!)ject as his master's property, still even this seems to me a very different 
thing from his possessing an abstract idea of ownership. 



IP Menial Processes in Ammatsi 349* 

ptt a htmgry dog, prowling around for food, has, sug- 
gested by his huiiger, vague representatious in memory 
of things good to eat, ia which the element of eatability is 
|iK4ominaQt and comparatively distinct, while the rest is 
Tipe and indistinct. And that this is a concept in Mr, 
Snllj's use of the term, I admit. But it appears to me 
that there ia a very great diflference between a perceptual 
eoDstruct with eatability predomiuant and the rest vague, 
ind a conceptual isolate or abstract idea of eatability quite 
ipart from any object or objects of which this quality ia 
tliaracieriatic. And to mark the difference, I veuture to 
Will the prominent quality a pn-ilominant aa opposed to 
thfl iuiUtr when the quality is floated off from the object. 
No dtivht it ig ont of this perceptual jiromitunci of une 
^karactrriKtic and vaffitenesa of its accompaniiitsiits that con- 
cephiat ititlation of tkit one cluiraclerigtic hat (iroicn, aa I 
f^rtiere, throiuik the tiamtnti of pr f dominants. But I Hhould 
dftw the line between the one and the other aomewhere 
distinctly above the level of intelligence that ia attained by 
My dumb animal. I am not prepared either to afiirm or 
•i^iiy that this line should be drawn exactly between brute 
'nteUigence and human intelligence and reason, though I 
•t'oni,-ly incline to the view that it should, I am not sure 
Wat eviTy Ravage and yokel is capable of isolation, that he 
'■Lises the predominant to the level of the isolate, or abstract 
'dea, I am not sure that theae simple folk eubmit the 
Phenomuna of nature around them, and of their own 
•"ental states to analysis. But they have in language the 
^atrument which can enable them to do so, even if 
■"dividaally some of them have not the faculty for using 
'o-ngiitige fur this purpose. That is, however, a different 
location. But I do not at present see satisfactory evidence 
"• the fact that animals form isolates, and I think that the 
Probability is that they are unable to do so. I am, there- 
'ore, prepared to say, with John Locke, that this abstraction 
' is an excellency which the faculties of brutes do by no ( 
"^Mo* uttain to." 

I am anxious, however, not to exaggerate my divergence, 
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more apparent, I believe, than real, from so able a stndent 
of animal psychology as Mr. Bomanes. Let me, therefore, 
repeat that it is the power of analysis — the power of 
isolating qualities of objects, the power of forming '' abstract 
ideas quite apart from the particular objects of which the 
particular qualities happen to be characteristic," as I 
understand these words — that I am unable to attribute to 
the brute. Animals can and do, I think, form pre- 
dominants ; they have not the power of isolation. 

Furthermore, it seems to me that thfs capacity of 
analysis, isolation, and abstraction constitutes in the 
possessor a new mental departure, which we may describe 
as constituting, not merely a specific, but a generic differ- 
ence from lower mental activities. I am not prepared, 
however, to say that there is a difference in kind between 
the mind of man and the mind of the dog. This would imply 
a difference in origin or a difference in the essential nature 
of its being. There is a great and marked difference in kind 
between the material processes which we call physiological 
and the mental processes we call psychical. They belong 
to wholly different orders of being. I see no reason for 
believing that mental processes in man differ thus in kind 
from mental proeeses in animals. But I do think that we 
have, in the introduction of the analytic faculty, so definite 
and marked a new departure that we should emphasize it 
by saying that the faculty of perception, in its various 
specific grades, differs generically from the faculty of con- 
ception. And believing, as I do, that conception is beyond 
the power of my favourite and clever dog, I am forced to 
believe that his mind differs generically from my own. 

Passing now to the other vertebrates, the probabilities 
are that their perceptual processes are essentially similar 
to those of the higher animals ; but, in so far as these 
creatures differ more and more widely from ourselves, we 
may, perliaps, fairly infer that their constructs are more 
and more different from ours. Still, the thrush that listens 
attentively on the lawn and hops around a particular spot 
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JiDBt have a vague caiiBtnict of the worm he hopes to hava 
\ more particular acquaintance with ere long. The cobra 
ibat I watched on the basal slopes of Table Mountain, and 
ibat raised his head and expanded bis hood when I pitched 
\ pebble on to the granite elope over which he was gliding, 
nnBt have bad a vague percept suggested thereby. The 
troat that leapa at your fly ao soon as it touches the water 
most have a vague percept of an eatable insect which 
suggests bis action. The carp ' that come to the sound of 
% bdl must have, suggested by that sound, vague percepts 
of edible crumbs. And no one who has watched as a lad 
the fish swimming curiously round bis bait can doubt that 
they are by examination defining their percepts, and drawing 
unsatisfactory inferences of a perceptual nature. 

And here let us notice that the whole set of phenomena 
whicb have been described in previous chapters under the 
beads of recognition-marks, of warning coloration, and of 
mimicry, involve close and accurate powers of perception, 
Beeoguit ion-marks are developed for the special purpose 
of enabling the organisms concerned rapidly and accurately 
to form particular perceptual constructs. Of what use 
would warning coloration be if it did not serve to suggest 
to the percipient the disagreeable qualities with which it 
is ftssociattid ? The very essence of the principle of mimicry 
ifl that misleading associations are suggested. Here a 
false construct, untrue to fact, that is to say, one that 
verification would prove to be false, is formed ; just as a 
well-executed imitation orange, in china or in soap, may 
lead s child to form a false construct, one that is proved 
to be incorrect so soon as the suggestions of sight are 
submitted to veritication by touch, smell, and taste. 

No one who has carefully watched the habits of birds 
OAQ have failed to notice how they submit a doubtful object 

Enination. Probably the avoidance of insects pro- 
by warning colours is not perfectly instinctive. I 




Doobt b<u Tcci'ntI}' been tlirnwii on Uiis Taot. Mr. Biitcwin bna sbown 
iMl Ijtnr wcU, uud b]ia «ufgi sUhI tliut tie itirp msj be 
by iMvio^ |iu>i[>I(i coiuu Ui tLe edge al Uie poud. 
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have seen young birds, after some apparent hesitation, 
peck once or twice doubtfully at such insects. A young 
baboon with whom I experimented at the Cape seemed to 
have an undefined aversion to certain caterpillars, wbich 
he could not be induced to taste, though he smelt at them. 
Scorpions he darted at, twisted off the sting, and ate with 
greedy relish. 

If nudibranchs and other marine invertebrates be pro- 
tectively coloured, there must be corresponding perceptnal 
powers in the fishes that are thus led to avoid them ; for 
there seems to be definite avoidance, and not merely in- 
difference. This, however, might be made the subject of 
further experiment, not only with fishes, but' with other 
animals. I tried some chickens with currant-moth cater- 
pillars, to each of which I tied with thread a large looper. 
Some of them would have nothing to do with the unwonted 
combination. But one persistently pecked at the looper, 
and tried to detach it from its fellow-prisoner. Though, 
on the whole, there was some tendency for aversion to the 
currant-moth caterpillar to overmaster the appetence for 
the looper, I was not altogether satisfied with the result 
of the experiment. But I think that if the protectively 
coloured larva had been regarded with mere indifference 
(i.e. neither aversion nor appetence), the appetence for 
the loopers should have made the chickens seize them at 
once. 

To return to fishes. It is probably difficult or impos- 
sible for us to imagine what their constructs are Uke ; but 
that they, too, proceed to define them by examination 
seems to be a legitimate inference from some of their 
actions. Mr. Bateson says, ** The rockling searches [for^ 
food] by setting its filamentous pelvic fins at right angles 
to the body, and then swimming about, feeling with them. 
If the fins touch a piece of fish or other soft body, the 
rockling turns its head round and snaps it up with great 
quickness. It will even turn round and examine uneatable 
substances, as glass, etc., which come in contact with its 
fins, and which presumably seem to it to require explana- 
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lan beings, couceptaal UioughtB and emotions. Mever- 

Ibbs, at any rate so lon^ as we confine ourselves to the 
■ptual sphere, tbeae processes have their normal fulfil- 
tats in action, and, if they become sufficiently intense, 
mally do so fulfil themselvea. 

Now, since tbe emotions with which we are now dealing 
(we ma_v call them emotions in the perceptual sphere) are 
stages in the Fulfilment of activities (though the activities 
themselves may be suppressed), it is clear that there may 
be as many emotional states as there are modes of activity. 
Hence, no doubt, the extreme difficulty of anything like a 
Batisfaotory classification of these emotions, especially 
when the activities are regarded as a merely extraneous 
expression. 

Moreover, when certain emotions reach a high pitch of 
intensity, they may defeat their own object, and give rise, not 
to definite well-esecuted motor- activities, but to helpless con- 
tradictory actions, affections of glandular and other organs, 
and a general condition of collapse. The emotion of fear, 
for example, will lead to motor-aetiritiea tending to remove 
a man from the source of danger ; but when it reaches 
the degree of dread, or its culmination terror, the effects 
are markedly different. The countenance pal&s, the lips 
tremble, the pupils of the eyes become dilated, and there 
is an uncomfortable sensation about the roots of the hair. 
The bowels are often strongly affected, the heart palpitates, 
respiration labours, the secretions of the glands are de- 
ranged, the mouth becomes dry, and a cold sweat bursts 
from the skin. The muscles cease to obey the will, and the 
limbs will scarcely support the weight of tbe body. Here 
ve have all the effects of a prolonged struggle to escape. 
Jnat as BHoh a prolonged struggle will at length produce 
these motor and other effects accompanied by the emotion 
of terror ; so, if the emotion of terror be produced directly, 
these motor and other effects are seen to accompany it, 

Mr. Charles Richardson, the well-known engineer of the 
Severn Tunnel, has recorded several instances of railway 
servants and others being so affected by the approach of a 
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train or engine that they have been unable to save them- 
selves by getting out of the way, though there was ample 
time to do so. This may have been ' through the effect of 
terror. But one man, who was nearly killed in this way, 
only just saving himself in time, informed me that he 
experienced no feeling of terror ; he was unable to explain 
why, but he couldn't help watching the train as it darted 
towards him. In this case it seems to have been a sort of 
hypertrophy of attention. His attention was so rivetted 
that he was unable to make, or rather he felt no desire to 
make, the appropriate movements. He said, '* I had to 
shake myself, and only did so just in time. For in another 
moment the express would have been on me. When it had 
passed, I came over all a cold sweat, and felt as helpless as 
a baby. I was frightened enough then,*' Cases of so-called 
fascination in animals may be due in some cases to terror, 
but more often, perhaps, to a hypertrophy of attention, 
such as is seen in the hypnotic state. Speaking of the 
effects of artificial light on fish, Mr. Bateson says,* 
''Bass, pollack, mullet, and bream generally get qnicklj 
away at first, but if they can be induced to look steadily 
at the light with both eyes, they generally sink to the 
bottom of the tank, and on touching the bottom commonly 
swim away. ... In the case of mullet, eflfects apparently 
of a mesmeric character sometimes occur, for a mullet 
which has sunk to the bottom as described will sometimes 
lie there quite still for a considerable time. At other times 
it will slowly rise in the water until it floats with its dorsal 
fin out of the water, as though paralyzed. . . . When the 
light is first shown, turbot generally take no notice of it, 
but after about a quarter of an hour I have three times 
seen a turbot swim up, and lie looking into the lamp 
steadily. It seemed to be seized with an irresistible 
impulse like that of a moth to a candle, and throws itself 
open-mouthed at the lamp.'* As a boy I used frequently 
to '' mesmerize " chickens by making them look at a chalk 

• Journal of ^larine Biological Association, New Series, voL L No. t 
pp. 21G, 217. 
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irk. They -wonld then lie for some time perfectly motion- 
e. Some aueb effect has, perhapa, led to the instinct 
played by some animals of " shamming dead." 

Betnrning now to the emotions as displayed in man, we 

ly take one more example in anger. This is an emotion 

arises from the idea of evil having been inflicted 

threatened. " Under moderate anger," says Darwin, 
f action of the heart is a little incceasod, the colonr 
ightened, and the eyes become bright. The respiration 
likewise a little harried ; and as all the mnecles serving 
: this purpose act in association, the wings of the nostrils 
a sometimes raised to allow of a free draught of air ; and 
is ifi a highly characteristic sign of indignation. The 
[»Qth is commonly compreseed, and there is almost always 
frown on the brow. Instead of the frantic gestnrea of 
trcme rage, an indignant man unconsciously throws 
taself into an attitude ready for attacking or striking his 
amy, whom ho will, perhaps, scan from head to foot in 
He carries his head erect, with his cheat well 
panded. and the feet planted firmly on the ground. With 
iropeans the fists are generally clenched." " Under rage 
B action of the heart is much accelerated, or, it may be, 
nch disturbed. The face reddens, or it becomes piu-ple 
>m the impeded return of the blood, or may turn deadly 
le. The respiration is laboured, the chest heaves, and 
B dUated nostrils quiver. The whole body often trembles. 
16 TOioe is affected. The teeth are clenched or ground 
gether, and the mnscular system is commonly stimulated 
B violent, almost frantic, action. But tbe gestures of a 
nan in this state usually differ from tbe purposeless 

ithinga and struggles of one suffering from an agony of 
dn ; for they represent more or less plainly the act of 
dking or fighting with an enemy." 

These examples will serve to remind the reader of the 
itote of those complex aggregates of organized feelings 
lich we call emotions, and will also show tbe close 

inectian of these emotions with the associated bodily 
ovemonts and activities which constitute their normal 
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afforded by parrot-talk. The rhyme-asBOciation is interest- 
ing ; but since we cannot suppose that the poetry is more 
to the parrot than a Unked series of sounds, there does not 
seem much evidence of intelligence here, though the 
evidence of memory is important. The correct association 
of words and phrases with appropriate objects and actions 
is of great interest. But the fact that they are words and 
phrases does not give them a higher value than that of 
imitative actions in the dog or other animal. What 
parrot-talk does give us evidence of is (1) remarkable 
powers of memory ; (2) an almost unique power of articnla- 
tion ; (8) a great faculty of imitation ; (4) and some in- 
telligence in the association of certain linked sounds whieb 
we call plirases with certain objects or actions. The 
teaching of phrases to the parrot is certainly not more 
remarkable than the teaching of clever tricks to many 
birds. But the fact that word-sounds are articulated 
throws a glamour over these special tricks, and leads soime 
people to speak of the parrot's using language, instead oi 
saying that the parrot can imitate some of the sonndLfi 
made by man, and can associate these sounds with certalxi 
objects. 

Coming now to the invertebrates, much has been writte J^ 
concerning the psychology and intelligence of *ants aca^ 
bees. What shall we say concerning their constructa ^ 
For reasons already given, I think we may suppose thB-* 
they are analogous to ours; but it can scarcely be thB-* 
they in any way closely resemble ours. Their sense-orgaa^ 
are constructed on a different plan from ours ; they hav^ 
probably senses of which we are wholly ignorant. ^Is i* 
conceivable, by any one who has grasped the principle oi 
construction, that with these differently organized senses 
and these other senses than ours, the world they construct 
can much resemble the world we construct ? Eememh^^ 
how largely our perceptual world is the product of our 
geometrical senses — of our delicate and accurate sense of 
touch, and of our binocular vision, with its delicate and 
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Irate muscalar adjustments. Remember how largely 
mascular adjustmentg enter into our perceptual world 
eonstmcted in vision. And then remember, on the 
hand, that the bee is encased in a hard skin (the 
)U8 exoskeleton), and that its tactile sensations are 
inly excited by means of touch-haira seated thereon, 
aember its compound eye with moeaic vieion, coarse; 

far than oar retinal vision, and its ocelli of problO' 
tical value, and the complete absence of musculai 
natment in either the one or the other. Can we 
re that, with organs so different, anything like a similar 
ueptaal world can be elaborated in the insect mind ? I 

one cannot. Admitting, therefore, that their perceptions 
ly be fairly surmised to be analogous, that their world is 
I reanlt of eonstraction, I do not see how we can for one 
inent suppose that the perceptual world they construct 
1 in any accurate sense be said to resemble ours. For 

that, the processes of discrimination, localization, ont- 
ni projection ; the formation of vague constructs, their 
Dlition through experience, and the association of re- 
Btmots or representations ; — all these processes are 
etmably similar in kind to those of which we have 
ileiice in ourselves. 

Id considering such organisms as ants and bees, however, 
most be careful to avoid the error of supposing that, 
liise they happen to have no backbones, they are neces- 
ily low in the scale of life and .intelligence. The tree of 

boB many branches, and, according to the theory of 
\ltion, these divergent branches have been growing up 

by side. There is no reason whatever why the bee and 
tnt, in their branch of life, should not have attained as 
a development of structure and intelligence as the 
bant or the dog in their branch of life. 1 do not say 

they have. As it is difHcult to compare their structure, 

imptesity and efficiency, with that of vertebrates, so is 
ffioult to compare their iiitelligence. The mere matter 

le may have necessitated the condensation of intelli- 

I into instinct in a far higher degree than was required 
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in the big-brained mammals. Still, their intelligence, 
though of a different order and on a different plane, may 
well be as high. And Darwin has said that the so-called 
brain of the ant may perhaps be regarded as the most 
wonderful piece of matter in the world. 

That ants have some power of communication seems to 
be proved by the interesting experiments of Sir John 
Lubbock. He found that they could carry information to 
the nest of the presence of larvsB, and that the greater the 
number of larysB to be fetched, the greater the number of 
ants brought out to fetch them in a given time. On one 
occasion Sir John Lubbock put an ant to some larrse. 
*' She examined them carefully, and went home without 
taking one. At this time no other ants were out of the 
nest. In less than a minute she came out again with eight 
friends, and the little group made straight for the heap of 
larvsB. When they had gone two-thirds of the way, I im- 
prisoned the marked ant ; the others hesitated a few 
minutes, and then, with curious quickness, returned home." 
This is only one observation out of many ; and it shows 
(1) that since the marked ant took no larva home, she 
must have given information which led the others to come 
out — unless we can suppose that the smell of the larrs 
she had examined still hung about her ; and (2) that the 
communication was not detailed, and probably was no 
more than *' Come,** for, when the leader of the party was 
removed, the rest knew not * where to go — very possibly 
knew not why they had been summoned. 

Passing now to creatures of lower organization, it is 
exceedingly diflScult so to divest ourselves of our own special 
mental garments as to imagine what their simple and 
rudimentary constructs are like. Perhaps we may fairly 
surmise that, as visual olfactory and auditory organs 
develop, and differentiate from a common basis of more 
simple sensation, the process of outward projection has its 
rudimentary inception. The earthworm, which finds its way 

* Professor Max Miiller suggests to me that perhaps the ants were 
friglitened. 
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even giving a slight wince to show he was in pain." And, 
B^in,* " I heard the rush of the shot throngh the air, and 
then a heavy thud behind me, I thought at first it bad 
gone into the field-hnspital ; hut, on looking round, found 
it had carried away the lower jaw of one of the artillery 
mels, and then buried itself in the ground. The poor 
rote walked on as if nothing had happened, and carried its 

1 to the end of the day." 
I "With regard to this question, then, of the susceptibility 
jftnimals to pleasure and pain, no definite answer can be 
. That they feel more or less acutely we may be 
: how keenly they feel we cannot tell ; but it is better 
to over-estimate than to under-estimate their sensitiveness. 
In any case, whether their pain be acute or dull, whether 
their pleaBures be intense or the reverse, we should do all 
in our power to increase the pleasures and diminish the 
pains of the dumb croaturoe who bo meekly and willingly 
minister to our wants. 

That the bodily feelings and wants occupy a large 
relative space in the conscious life of brutea can ecaroely be 
questioned. On the one hand are the dull pains resulting 
from the organic wants and appetences, and driving the 
animal to their gratification ; the keen pleasure that 
secumpanies this gratification, when intelligence is so far 
developed that it can be foreseen, being a pull in the same 
direction. And on the other hand are the pleasures of 
the normal and healthy exercise of the sense-organs and 
bodily activities giving rise to the pleasures of existence, 
the joys of active and rigorous life. In the main, these 
bodily feelings, or sense-feelings, as they are sometimes 
called, seem to cluster round three chief centres — food, sex, 
and the free exercise of the bodily activities, including in 
Bome cases what seems to be play. Give a wild creature 
liberty and the opportunity of gratifying its appetites ; 
allow its bodily functions the alternating rhythm of healthy 
and vigorous exercise and restorative repose ; and its Ufe 
^Lbftppy and joyous. It is not troubled by the pressure 
• Piige 104, 
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merely organic, and how far there enters a psychological 
element. 

I ought not, perhaps, to pass over in perfect silence the 
subject of protozoan psychology, M. Binet has published 
a little book on " The Psychic Life of Micro-Organisms," 
in the preface of which he says, " We could, if it were 
necessary, take every single one of the psychical faculties 
which M. Bomanes reserves for animals more or less 
advanced on the zoological scale, and show that the grtakr 
part of these faculties belonged equally to micro-organisms." 
He says that '* there is not a single infusory that cannot 
be frightened, and that does not manifest its fear by a 
rapid flight through the liquid of the preparation,** and he 
speaks of infusoria fleeing '* in all directions like a flock of 
frightened sheep.** He attributes memory to FoUicdimy 
and instinct " of great precision *' to Difflugia, He regards 
some of these animalculsB as '' endowed with memory and 
volition,** and he describes the following stages : — 
"1. The perception of the external object. 
" 2. The choice made between a number of objects. 
*' 3. The perception of their position in space. 
** 4. Movements calculated either to approach the body 
and seize it or to flee from it.** 

But when we have got thus far, we are brought np by 
the following sentence : '* We are not in a position to 
determine whether these various acts are accompanied by 
consciousness, or whether they follow as simple physio- 
logical processes.** Since, therefore, the fear, memory, 
instinct, perception, and choice, spoken of by M. Binet, 
may be merely physiological processes (though, of course, 
they may he accompanied by some dim unimaginable fonn 
of consciousness), it seems scarcely necessary to say more 
about them here. 

I have now said all that is necessary, and all that I 
think justified by the modest scope of this work, concerning 
the process of construction in animals, and the nature 01 
the constructs we may presxmie that they form. The pro- 
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bold to be similar in bind throughout the animivl 
kingdom wherever we may presume that it occurs at all. 
But the prodacta of the process seem to me to be pre- 
mmably widely different. If we steadily bear in mind the 
fact that the world of man is a joint product of an external 
existence and the human mind, and thcu ask whether it ie 
conceivable that the joint products of this esternal existence 
and the dog-mind, the bird-mind, the £sh-miud, the bee- 
mind, or the worm-mind are exactly or even closely 
similar, we must, it seems to me, answer the qnestion with ' 
an emphatic negative. 

We will now consider the nature of the inferences of 
Rnimala. It will be remembered that a distinction was 
drawn between perceptual inferences and inferences in- 
volving a conceptual element. As I use the words, per- 
^nal inferences are a matter, at most, of intelligence ; 
conceptual inferences involre the higher faculty of 

It will be necessary here to say somewhat more than 
liave already said concerning inference. When I see 
orange, that object is mentally constructed at the 
Iding of certain sight-sensations. A.I1 that is actually 
leived is the stimulus of the retinal elements ; the rest is 
[gest«d and supplied by the activity of the mind. It is 
netimes said that this complementary part of the per- 
rtion is inftrred. So, too, when I hear a howl in the 
eet which suggests the construct dog, it may be said 
it I infer the presence of the dog. And again, when the 
\ is perceived to be in pain, it may be said that this ia 
inference. Now, although the use of the word " infer- 
to denote the complementary part of a percept 
a little contrary to ordinary usage, still there are 
D0 advantages in so — with due qualification — employing 
But since, as it seems to me, the characteristic of the 
Hence, if so we style it, in the formation of constructs 
immediate association is its unconscious nature {i.e. 
eonaoioua as a process) we may perhaps best meet the 
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case by speaking of these as unconscious inferences. When 
the inference is not immediate and unconscious, but in- 
Tolves a more individual conscious act of the mind in the 
perceptual sphere, we may speak of it as intelligent ; and 
when the inference can only be reached by analysis and the 
use of concepts, we may call it rational. 

Defining, therefore, " inference *' as the passing of the 
mind from something immediately given to something not 
given but suggested through association and experience, 
we have thus three stages of inference : (1) unconscious 
inference on immediate construction (perceptual) ; (2) in- 
telligent inference, dealing with constructs and reconstructs 
(perceptual) ; and (3) rational inference, implying analysis 
and isolation (conceptual). 

Concerning unconscious inferences in animals, I need 
add nothing to that which I have already said concerning 
the process of construction. It is concerning the intelligent 
inferences * of animals that I have now to speak. 

I do not propose here to bring forward a nimiber of 
new observations on the highly intelligent actions which 
animals are capable of performing. Mr. Bomanes has 
given us a most valuable collection of anecdotes on the 
subject in his volume on "Animal Intelligence.** It is 
more to my purpose to discuss some of the more remark- 
able of these, and endeavour to get at the back of them, 
so as to estimate what are the mental processes involved. 
In doing so, the principle I adopt is to assume that the 
inferences are perceptual, unless there seem to be well- 
observed facts which necessitate the analysis of the 

* These fall under the " practical intoUigence " of Mr. Mivart. All their 
intelligent activities, in his view, are performed by the exercise of merely 
sensitive faculties, through their " conseutience.'* I agree to so large an 
extent with Mr. Mivart in his estimate of animal intelligence, and in bis 
psychological treatment, that I the more regret our wide divergence when we 
come to the philosophy of the subject. I am with him in believiog th»t 
conception and perception, in the sense he uses the words, are beyond the 
reach of the brute. But I see no reason to suppose that the;^ higher faculties 
differ in kind from the lower faculties possessed by animals. They differ 
generically, but not in kind. I believe that, through the aid of language, 
the higher faculties have been developed and evolved from the lower facultifii 
Here, therefore, I have to part company from Mr. Mivart, 
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of ray own (the Bev. George H. R. Fisk, of Capetown) tells 
me the following story (which may be added to the many 
similar cases reported of dogs) concerning a favourite cat 
he had as a boy. It bappt-ued that the children of the 
honse, my friend among the number, were confined to 
their room by measles. Their mother remained with the 
chililren by day and night until they were convalescent. 
She then came down and resumed her usual daily life, but 
was shocked at the appearance of the eat, which was little 
more than skin and bones, and would not touch food or 
tnilk. The cat seemed to know that Mrs. Fisk could help 
ber, and gave her no peace till she bad taken her upstairs 
to the convalescent patients. To Mrs. Flsk's surprise, the 
cat snarled and beat the young master with her paws. 
Why the cat chose this peculiar method of venting her 
feelings it is difficult to say. But immediately afterwards 
she went down into the kitchen, ate the meat and drank 
the milk which she had before refused to touch. Early 
nest morning she mewed outside the young master's room ; 
^ad, having gained admittance, sat at the foot of the bed 
^■kil be woke, and then licked his face and hair. 
^P This leads ns on to the class of sympathetic emotions. 
Wjr the sympathetic emotions are those which centre, not 
round the self, but round some other self in whose welfare 
ftn interest is. in some way and for some reason, aroused. 
Not long ago, at the Hamburg Zoological Gardens, I saw 
two baboons fighting savagely. One at last retreated 
vanqaisbed, with his arm somewhat deeply gashed. He 
ibed to a corner of the cage and sat down, moodily 
ing his wound. Thither followed him a little capuchin, 
, though his bigger friend took mighty little notice of 
I overtures, seemed anxious to comfort him, nestling 
Unst him, and laying his head against bis side. So far 
one could judge, it was not curiosity, but sympathy, 
,t prompted his action. 

following example of sympathetic action on the 

a dog towards a stranger-dog is communicated to 

I by Mrs. Mann, a friend of mine at the Cape. Carlo 
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of all kinds to their mahouts with considerable force, bat 
that after a time the soft articles are handed up rapidly 
and forcibly as before, but that hard and heavy things are 
handed up gently. " I have purposely," he says, ** given 
elephants things to lift which they could never have seen 
before, and they were all handled in such a manner as 
to convince me that they recognized such qualities as 
hardness, sharpness, and weight." 

Now, the question I wish here to ask is — Do the 
observations of Mr. Jenkins, the nature of which I have 
indicated, afford good or sufficient reasons for supposing 
that these animals possess abstract ideas ? And I reply- 
That depends upon what is meant by abstract ideas. If it 
is implied that the abstract ideas are isolates; that is, 
qualities considered quite apart from the objects of whidi 
they are characteristic, I think not. But if Mr. Jenkins 
means that elephants, in a practical way, " recognize snch 
qualities as hardness, sharpness, and weight '* as pre- 
dominant elements in the constructs they form, I am quite 
ready to agree with him. I much question, however, 
whether there is any conscious inference in the matter. 
The elephant sees a new object, and unconsciously and 
instinctively builds the element hardness or weight into 
the construct that he forms. And he shows his great 
intelligence by dealing in an appropriate manner with the 
object thus recognized. But I do not think any reasoning 
is required; that is to say, any process involving an 
analysis of the phenomena with subsequent synthesis, any 
introduction of the conceptual element. 

Let us consider next an observation which shows a 
very high degree of perceptual intelligence on the part of 
the dog. Several observers have described dogs, which 
had occasion to swim across a stream, entering the water 
at such a point as to allow for the force of the current. 
And both Dr. Eae and Mr. Fothergill communicated to Mr. 
Eomanes instances * of the dog's observing whether the 
tide was ebbing or flowing, and acting accordingly. Now, 

* " Animal Inklligeuce," p. 465. 
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lieve that tbe dog performa this action throngh in- 
duce, aud that man esplaina it by reason. The dog 
presumably had frequent experience of the effect of 
le stream in carrying him with it. He baa been carried 
jyond the landing-place, and bad bother with the mud; 
when he has entered the stream higher up, he has 
irly, if not quite, reached the Ian ding- stage. His keen 
irceptions come to his aid, and he adjusts hie action nicely 
effect his purpose- 
On the bank sits a young student watching him. He 
IB in the dog's action a problem, which be runs over 
)idly in his mind. Velocity of stream, two miles an 
or. Width, one-eighth of a mile. Dog takes ten 
Dutes to swim one-eighth of a mile. Distance Uowed 
tbe stream in ten minutes, one-third of a mile. Clever 
; that ! He allows just about the right distance. A 
Je short, though ! Has rather a struggle at the end. 
The dog intelligently performs the feat ; the lad leasons 
>ut. 

I do not know whether I am making my point Buffi- 

itly clear. A wanton boy is constantly throwmg stones 

liirds and all sorts of objects. He does not know much 

mt the force of gravitation or the nature of the curve 

atone marks out; but he allows pretty accurately for 

fall of the stone during its passage throngh the air. 

acquires a catapult ; and, being an intelligent lad, be 

irceives that he must aim a httle above the object he 

iBbes to hit. This is a perceptual inference. Keasoa 

\j subsequently step in and explain tbo matter, or very 

Bsihly, being human, sparks of reason ffy around hia 

lelligent action. 

Am I using tbe word " reason " in an unnatural and 

roed sense ? I tbink not. My use is-in accord with the 

mal use of the word l^y educated people. Two men are 

king in tbe employ of a mechanical engineer. Liutea 

their employer as he describes them. " A most intelligent 

[ow is A ; ho does everything by rule of thumb ; but he' 

inderfully quick at perceiving the bearing of a new bit 
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work ; he sees the right thing to do, though he cannot tell 
you why it should he done. Now, B is a very different 
man ; he is slow, but he reasons everything out. A knows 
the right thing to do ; and B can tell you why it must be 
done. A has the keenest intelligence, but B the clearest 
reasoning faculty. If I have occasion to question them 
about any mechanical contrivance, A says, ' Let me see it 
work ; ' but B says, ' Let me think it out.' " 

^ In other words. A, the intelligent man, deals with 

phenomena as wholes, and his perceptual inferences are 

\ rapid and exact; while B, the reasoner, analyzes the 
phenomena, and draws conceptual inferences about them. 
Let us take next Dr. Bae's* most interesting description 
of the cunning of Arctic foxes. These clever animals, he 
tells us, soon learn to avoid the ordinary steel and wooden 
traps. The Hudson Bay trappers, therefore, set gun-traps. 
The bait is laid on the snow, and connected with the 
trigger of the gun by a string fifteen or twenty feet long, 
five or six inches of slack being left to allow for contraction 
from moisture. The fox, on taking up the bait, discharges 
the gun and is shot. But, after one or more foxes hare 
been shot, the cunning beasts often adopt one of two 
devices. Either they gnaw through the string, and then 
take the bait ; or they tunnel in the snow at right angles 
to the line of fire, and pull the bait downwards, thus dis- 
charging the gun, but remaining uninjured. This is 
regarded by Dr. Eae as a wonderful instance of " abstract 
reasoning." 

Here, again, it is the "abstract reasoning" that I 
question. Do the clever foxes resemble the intelligent 
workman A, or the abstract reasoner B ? I believe that 
their actions are the result of perceptual inferences. They 
adopt their cunning devices after one or more faxes hart 
been shot. Their keen perceptions (let me repeat that the 
perceptions of wild animals are extraordinarily keen) lead 
them to see that this food, quiet as it seems, has to be 
taken with caution. 

Animal iDtelligenoe/* p. 430 ; and Nature, toL xix. p. i09. 
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With regard to the devices adopted, I thiuk we need 
farther iDformatioD. Do Arctic foxes tunnel in the enow 
for any other purposes ? What is the proportion of those 
who adopt this device to those who gnaw through the 
string? Have careful and reliahle observers watched the 
foxes? or are their actions, as described by Dr. Rae, 
taferencos. on the part of the trappers, from the state of 
matters they found when they came round to examine 
their traps ? Without fuller information on these points, 
it is undesirable to discuss the case further. Even if we 
had full details, however, we should be as little able to get 
at the process of perceptual inference in the case of the fox 
as we are in the case of the intelligent workman, who seea 
the right thing to do, bat cannot tell you how he reached 
the conclusion. 

No one can watch the actions of a clever dog without 
seeing how practical he is. He ia carrying your stick in 
his mouth, and comes to a stile. A young puppy will go 
blandfring with the stick against the stile, and, perhaps, 
^p back home, or get through the bars and leave the stick 
"lind. But practical experience has taught the clover 
better. He lays down the stick, takes it by one end, 
draws it backwards through the opening at one side of 
Btile. A friend tells me of a dog which was carrying a 
it of egga. He came to a stile which he was accus- 
led to leap, poked his head through the stile, deposited 
basket, ran back a few yards, took the stile at a bound, 
led up the basket, and continued on his course. "In- 
int fellow ! " I exclaim. " Yes," says my friend, " he 
the eggs would break it he attempted to leap with the 
iketl " This is just the little gratuitous, unwarrantable, 
lan touch which is so often filled in, no doubt in perfect 
faith, by the narrators of anecdotes. Against such 
)ns we must be always on our guard. It is 
difficult not to introduce a little dose of rea.'^on. 
Mr. Romanes obtained from the Zoological Gardens at 
igent's Park a very intelligent capuchin monkey, on 
ich his sister made a aeries of most interesting and 
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valuable observations. This monkey on one occasion got 
hold of a hearth-brush, and soon found the way to unscrew 
the handle. After long trial, he succeeded in screwing it 
in again, and throughout his efforts always turned the 
handle the right way for screwing. Having once succeeded, 
he unscrewed it and screwed it in again several times in 
succession, each time with greater ease. A month after- 
wards he unscrewed the knob of the fender and the beU- 
handle beside the mantelpiece. Commenting on these 
actions, Mr. Bomanes speaks* of 'Hhe keen satisfaction 
which this monkey displayed when he had succeeded in 
making any little discovery, such as that of the mechanical 
principle of the screw." 

I once watched, near the little village of Ceres, in Sonth 
Africa, a dung-beetle trundling his dung-ball over an 
uneven surface of sand. The ball chanced to roll into a 
sand hollow, from which the beetle in vain attempted to 
push it out. The sides were, however, too steep. Leaving 
the ball, he butted down the sand at one side of the hollow, 
so as to produce an inclined plane of much less angle, up 
which he then without difficulty pushed his unsayoniy 
sphere. 

Now, it seems to me that, if we say, with Mr. Eomanes, 
that the brown capuchin discovered the principle of th 
screw, we must also say that the dung-beetle that I obsenred 
in South Africa was acquainted with the principle of tkt 
ificlined plane. Such an expression, I contend, involyes 
an unsatisfactory misuse of terms. A mechanical principle 
is a concept,! and as such, in my opinion, beyond the 
reach of the brute — monkey or beetle. That of which the 
monkey is capable is the perceptual recognition of the feet 
that certain actions performed in certain ways produce 
certain results. Why they do so he neither knows nor 
cares to know. What the brown capuchin discovered waa 

• " Animal Intelligence," p. 497. 

t Mr. Romanes regards it as, in the case of the capuchin, a rtoefi. Bat 
when he speaks of a generic idoa of causation, and generic ideas of prioeipltfi 
and of qualities as recepts, I find it exceedingly difficult to follow him. They 
seem to me to be concepts supposed to be formed in the absence of laDgaag6. 
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he principle of the screw, but that the action of acrew- 
"produced the results he desired— a very different 
Wtter. My friend, Mr. S. H. Bwayne, tella me that the 
lephont at the Clifton Zoo, ha\-iug taking a tennis-racket 
1 a boy who had been plaguing him, broke it by leaning 
inat a atep and deliberately atepping on it in the 
where it was unsupported. A most intelligent 
And it would have been a capital piece of exereise 
be lad's reasoning power, had he been required to 
lyze the matter, to show why the elephaut'e action had 
lesired effect, and set forth the principle involved. I 
tot think the elephant himself posseases the faculty 
bite for such a piece of reasoning. He is content 
I the practical auccesa of his actions; principles are 
tod him. 

C vil! now give two Instancea of intelligence in verte- 
. vbich exemplify phases of inference somewhat 
fcent from those which we have so far considered. Mr. 
ton, in his " Keaaoning Power of Animals,"* tells of an 
Unt which was Buffering from eye-trouble, and nearly 
A Dr. Webb operated on one eye, the auimal being 
b to lie down for the purpose. The pain was intense, 
r the great beast uttered a terrific roar. But the effect 
fas satisfactory, for the sight was partially restored. On 
he following day the elephant lay down of himself, and 
abmitted quietly to a similar operation on the other eye. 
fo doubt the elephant's action here was, in part, the result 
'f its wonderful docility and training. But there was also 
►tobably the inference that, since Dr. Webb bad already 
pVftn him relief, he would do so again. The anticipation 
>( relief outmastered the anticipation of immediate dia- 
Jomfort or pain. I do not thiuk, however, that any one 
la hkely to contend that any rational analysis of the 
phenomena is ueoessarily involved in the elephant's 
»«havioar. 

The other instance I will quote was communicated by 
Ifr. George Bidie to A'afure.t He there gives an account 
HL • Pa^ 51. t Vol. IX. p, 96. 
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of a favourite cat which, daring his absence, was much 
plagued by two boys. About a week before his return the 
cat had kittens, which she hid from her tormentors behind 
the book-shelves in the library. But when he returned 
she took them one by one from this retreat, and carried 
them to the comer of his dressing-room where previous 
litters had been deposited and nursed. Here abnormal 
circumstances and the reign of anarchy and persecution 
forced her to adopt a hiding-place where she might bring 
forth her young; but the return of normal conditions, 
sovereignty, and order led her to take up her old quarters 
under the protection of her master. Now, look at the 
description I have given in explanation of her conduct. 
See how it bristles with conceptual terms : ** abnormal," with 
its correlative "normal;" "anarchy and persecution," 
"protection " and "order." All this, I believe, is mine, and 
not the cat's. For her there was a practical perception, 
in the one case of plaguing boys, in the other case of 
protecting master ; and her action was the direct outcome 
of these perceptions through the employment of her intelli- 
gence. 

Some stress has been laid on the occasional use of tools 
by animals. Mr. Peal* observed a young elephant select 
a bamboo stake, and utilize it for detaching a huge 
elephant-leech which had fixed itself beneath the animal's 
fore leg near the body. "Leech-scrapers are," he says, 
" used by every elephant daily." He also" saw an elephant 
select and trim a shoot from the jungle, and use it as a 
switch for flapping ofiF flies. How far, we may ask, do 
such actions imply " a conscious knowledge of the relation 
between the means employed and the ends attained"?! 
That, again, depends upon how much or how little is 
implied in this phrase. 

A boy picks up a stone and throws it at a bird; he 
comes home and unlocks the garden-gate with a key ; he 
enters his room, and removes the large " Liddell and 

• Naturej vol. xxi. p. 34. 

t Romanos, ** Animal Intelligence/' p. 17 : Definition of reason. 
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" vbicb he iiBes as a conveiiieDt object to keep the 
( bia play-box shut ; be opens the box, and cuts bim- 
l Bhce of cake with hia pocket-ksife. Then he goes 
I tutor, ^ho id teaching bim about means and ends, 
relation to each other. He is told that the 
rowing of the stone was the means by -wbicb the death 
the bird, or the end, was to be accomplished ; that the 
Bof the knife was the means by which the end in view, 
bsrerance of a piece of cake, was to be effected, and so 
KBe is led to see that the employment of a great many 
Krent things, differing in all sorts of ways — stones, keys, 
licoDS, and knives— may be classified together as means ; 
ad that a great many various effects, the death of a bird 
[ the cutting a bit of cake, may be regarded as ends. He 
I told that when he thinks of the means and the ends 
igether, as means and end, he will be thinking of their 
elationsliip. And it is explained to bim that means and 
nds and their relationships are concepts, and involve the 
nercise of bis reasoning powers. 

Weary and sick to death of concepts and relationships 
ind reason, at length be escapes to the garden. Picking 
up a light stick, be sweeps off the beads of some peculiarly 
ifigravating poppies, and determines to think no more of 
DieuiE and ends, continuing to use the stick meanwhile as 
K most appropriate means to the end of decapitating the 
poppies. By all which I mean to imply that there is a 
ffvaS, difference between selecting and using a tool for an 
Htpropriate pm-pose, and possessing a conscions knowledge 
e relation between the means employed and the ends 
Ined. I do not think that any conception of means, 
, or relationship is possible to the brute, fiut I 
e that the elephant can perceive that this stick will 
I to remove that leech. And if this is what Mr. 
Lues means by its possessing a conscious knowledge 
) relation between the means employed and the ends 
iDed, then L am, so far, at one with him in the inter- 
1 of the facts, though I disagree with hie mode of 
leasing them. 
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In this connection I will give two anecdotes of Carlo, 
communicated to me by Mrs. Mann. '' Once I came upon 
Carlo sitting in the dining-room doorway, Dolceline, the 
cat, angrily watching him from the stairs, and also 
evidently having an eye on a leg of mntton half dragged 
off the dish on the dining-table. Carlo had clearly canght 
the thief in the act. He was on guard; and he seemed 
much relieved when higher powers came on the scene. 
Honesty seemed part of Carlo's nature. In this matter 
we never had to give him any lessons. Nor could he bear 
to see dishonesty in others. One Sunday, one of the Uttle 
girls saw Carlo coming along looking so anxiously at her 
that she knew he wanted her to come. She therefore 
followed him, and Carlo took her to the store-room, the 
door of which her sister had left open. In the doorway 
Carlo stopped, and looked first up at his mistress and then 
into the store-room, as much as to say, ' What can we 
think of this ? ' And truly there was a certain little black- 
and-tan terrier, whose principles were by no means of a , 
high order, regaling himself with some cold meat that he 
had dragged on to the floor. Toby knew he was in the 
wrong, and tried to flee. But Carlo stopped him as he 
endeavoured to fly past. And when Toby was thereupon 
duly slapped, Carlo sat straight up, with a face of conscious 
rectitude.'* 

These anecdotes, communicated to me by a lady of 
culture and intelligence, illustrate how, in describing the 
actions of animals, phraseology only, in strictness, applic- 
able to the psychology of man, is unwittingly and almost 
unavoidably employed. Toby's ** principles were not of a 
high order,'* yet he " knew he teas in the wrong,'' while Carlo 
watched him receive his punishment, and '^ sat straight Qp» 
with a face of conscious rectitude.'* 

Coming now to a sense of humour or a sense of the 
ludicrous, Darwin himself said,* "Dogs show what may 
fairly be called a sense of humour, as distinguished from 
mere play ; if a bit of stick or other such object be thrown 

* ^ Descent of Mbd," quoled by Romanes, p. i45. 



r 

iOone, 



Appeiaice and Emolio7i. 407 



D one, be will often carry it away for a short distance ; and 
tien, Bqaatting dowa with !t on the ground close before 
1, will wait until hia master comes close to take it away. 
a dog will seize it and rush away in triumph, repeating 
> same manceuvre, and evidently enjoying the practical 
Mr. Romanes bad a dog who nsed to perform 
itain self-taught tricks, "which cleariy had the object 
exciting laughter. For instance, while lying on his side 
1 yiolently grinning, he would hold one teg in his mouth. 
der such circumstances, nothing pleased him so much 
having bis joke duly appreciated, while, if no notice was 
ten of him, be would become sulky." To these I may 
I an observation of my own. I used sometimes, when 
ijring at Lancaster with a friend, to take his dog 8ambo, 
tiighly intelligent retriever, to the aeaahore. Hia chief 
Lght there was to bui'y small crabs in the sand, and then 
nd watching till a leg or a claw appeared above the 
face, upon which he would race backwards and forwards, 
ing short barks of keen enjoyment. This I saw him do 
many occasions. He always waited till a helpless leg 
wared, and then bounded away as if he could not 
1 the canine laughter that was in him. Who shall 
, however, what was passing through the mind of the 
: in any of these three cases? The motive of Mr. 
rwin'a dog may have been to prolong the game, though 
[pect there was something more than this. Mr. Romanes's 
; exemphlied, perhaps, tho sense of satisfaction at being 
iced. Sambo's performance is now, as it was years ago, 
ond me. But a sense of humour, involving a delicate 
ireciation of the minor incongruities of life, is, I imagine, 
Bobtle an emotion for even Sambo. 
I pass now to the sense of beauty, and I aboil consider 
I at greater length, because of its hearing on sexual 
wtion and the origin of lloral beauty. 
The interesting esperiments of Sir John Lubbock already 
ided to Beem to establisli the fact that bees have certain 
tnr-preferences. Blue and pink are the most attractive 
ftolours ; yellow and red are in less favour. No doubt these 
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preferences have arisen in association with the flowers firom 
which the bees obtain their nectar. They have a practical 
basis of biological value. But there seems no doubt that 
certain colours are now for them more atiractiye than 
others. Bees and other insects are, undoubtedly, attracted 
by flowers ; these flowers excite in us an esthetic pleasure ; 
the bees are, therefore, supposed to be attracted to the 
flowers through their possession of an aesthetic sense. 
Now, this does not necessarily follow. It is the nectar, not 
the beauty of the flower, that attracts the bee. So long as 
the flower is sufficiently conspicuom to be rapidly distin- 
guished by the insect, the conditions of the case are met 
80 far as insect psychology is concerned. The fact remains, 
however, that the flowers thus conspicuous to the inseet 
are fraught with beauty /or us. 

In the case of sexual selection among birds, again, I 
believe that the gorgeous plumage has its basis of origin in 
that pre-eminent vitality which Mr. Tylor and Mr. Wallace 
have insisted on. But, as before indicated, this will not 
serve to explain its special character for each several species 
of birds. Here, again, conspicuousness and recognition 
are unquestionably factors. But that the bright plumage 
of male birds awakens emotional states in the hens, that it 
probably also arouses sexual appetence, seems to be shown 
by the manner in which the finery is displayed by the 
male before the female. I think it is probable, also, that 
pleasure, becoming thus associated with bright colours in 
the mate, is also aroused by bright colours in other asso- 
ciations. Thus the gardener bower-bird, described by Pr- 
Beecari,* collects in front of its bower flowers and fruits of 
bright and varied colours. It removes everything unsightly, 
and strews the ground with moss, among which it places 
the bright objects from among which the cock bird is said 
to select daily gifts for his mate's acceptance ! Dr. GonW 
states that certain humming-birds decorate their nests 
'*with the utmost taste," weaving into their structnre 
beautiful pieces of flat lichen. If by crediting birds vnti^ 

♦ Nature, voL xl. p. 327. 



a senB« of beauty we mean that in them pleasurable 
emotioua may be aroused on sight of objects which we 
regard as beautiful. I am not prepared to deny them such 
a senae of beauty, nay, I folly believe that such pleasurable 
feelings are aroused iu them. When, liowever, it is said 
that the gorgeous plumage of male birds has been produced 
by the testhetie choice of their mates, I am not so ready to 
agree. A consciously fflstbetic motive has not, I believe, 
been a determining cause. The mate selected bas been 
that which has cxnittxl the strongest sexual appetence ; his 

(beauty has probably not, as such, been distinctly present 
to ccmsciousnesB. Here, then, we have again the <)uestion 
irbiob arose in conection with floral beauty — How is it 
ttiat the Bight of the mates selected by hen birds excites in 
Bs, in 60 many cases, an aesthetic pleasure ? 
It is clear that this is a matter rather of human than 
0( animal or comparative psychology. As such, except for 
porposes of illustration, it does not fall within the scope of 
this work. I can, therefore, say but a few words on the 
aabjecL The view that I think erroneous is that either 
floral beauty or the beauty of secondary sexual characters 
has been produced on sesthstic grounds, that is to say, for 
the sake of the beauty tbey are seen by man to possess. 
It is, therefore, to the point to draw attention to the fact 
that many of the objects and Rcenes which excite in us this 
esthetic aeaae have certainly not been produced for the 
eake of their beauty. Their beauty is an adjunct, a by- 
product of rarest excellence, but none the less a by-product. 
Nothing can be more iKtautiful in its way than a well- 
grown beech or lime tree ; and yet it cannot be held to 
liave been produced for its beauty's sake. The leaves of 
cuany trees, shrubs, and plants are scarcely less beautiful 
than the Sowers. But thfi/ cannot have been produced by 
the aatht'tic choice of insects. From the depth of a mine 
there may be brought up a specimen of ruby copper ore, or 
xnalachite, or a nest of quartz crystals, or an agate, or a 
^J»i*ce of veined serpentine, which shall be at once pro- 
Hhiounced a delight to the eye. Bat for the eye it was uM 
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evolved. The grandeur of Alpine scenery, the charm of a 
winding river, the pleasing undulations of a flowing land- 
scape, — no one can say that these were evolved for the 
sake of their beauty. The fact of their being beautiful 
is, therefore, no proof that the blue gentian, or the red 
admiral, or the robin redbreast were evolved for the sake 
of, or by means of, the beauty that they possess. Again, 
one leading feature in the beauty of flowers is their 
symmetry. The beauty is, so to speak, kaleidoscopic 
beauty. It is not so much the single veined or marbled 
petal that is so lovely, as the group of similar petals 
symmetrically arranged. But this symmetry can hardly 
be said to have been selected for its SBsthetic value ; it is 
rather part of the natural symmetry of the plant. Even 
with butterflies and birds and beasts the symmetrical 
element is an important one in their beauty.* 

I must not attempt to analzye our sense of beauty or 
endeavour to trace its origin. It appears to involve a 
pleasurable stimulation of the sense-organs concerned, 

♦ Another example of beauty which can hardly be said to have been 
CTolvcd for beauty's sake is to bo seen in birds* eggs. Mr. Henry Seebohm 
regards the bright colours of some birds* eggs as a difficulty in the way of the 
current interpretation of organic nature. ** Few eggs,** he says (A'afurc, fol. 
XXXV. p. 237), "are more gorgeously coloured [than those of the guillemot], 
and no eggs exhibit such a variety of colour. [They are sometimes of a bluish 
green, marbled or blotched with full brown or black ; sometimes white streaked 
with brown ; sometimes pale green or almost wliito with only the ghoita of 
blotches and streaks ; and sometimes the reddish brown extends so as to 
form the ground-tint which is blotched with deeper brown.] It is imposBible 
to suppose that protective selection can have produced colours so conspicuous 
on the white ledges of chalk cliffs; and sexual selection must have been 
equally powerless. It would be too ludicrous a suggestion to suppose that a 
cock guillemot fell in love with a plain-coloured hen beciiuse he remembered 
that last season she laid a gay-coloured eg/f.** 

If we connect colour with metabolic changes, its occurrence in associatioii 
with the products of the highly vascular oviduct will not be surprising. 
Some guidance is, however, on the principles advocated in Chapter A1., required 
to maintain a standard of coloration. In many cabcs such guidance is found 
in protective selection, as in the plover*s eggs in our frontispiece. In ^ 
guillemot's egg such protective selection seems to be absent, and, as Mr. 
Seel)ohm himself says, ** no eggs exhibit such a variety of colour.** 

In our present e<»nnection, however, the point to bo noticed is that many 
eggs aie undoubtedly beautiful. But they cannot have been in any ''•T 
elected for the sake of their beauty. 



bgether with perceptions of BjmmGtry, of diversity and 
lontrast, and of proportion, with a basts of unity. It is 
licli in suggestions and associations. It is heightened by 
sympathy. A benntiful scene is donbly enjoyable if a 
congenial companion ia by our side. -- 

t" The whole effect of a beautiful object, so far as we 
flan explain it," says Mr. Stilly," "is an harmoniouB oon- 
flnence of these delights of sense, intellect, and emotion, in 
■ new eombluation. Thus a beautiful natural object, as a 
|kob]e tree, delights us by its gt:adationa of light and colour, 
Uie combination of variety with symmetry in its contour or 
form, the adaptation of part to part, or the whole to its 
eorroundtngs ; and, finally, by its effect on the imagination, 
its Eaggestions of heroic persistence, of triumph over tbe 
adverse forces of wind and storm. Similarly, a boautiful 
painting delights the eye by supplying a rich variety of 
light and shade, of colour, and of outline; gratifies the 
intellect by exhibiting a certain plan of composition, the 
setting forth of a scene or incident with just tbe falness of 
r ^detail for agreeable apprehension ; and, lastly, toaches the 
tBsny-stringed instrument of emotion by an harmonious 
npression, the several parts or objects being fitted to 
trcngthen and deepen the dominant emotional effect, 
whether this be grave or pathetic on the one band, or 
bight and gay on the other. The effect of beauty, then, 
■ppears to depend on a simultaneous presentment in a 
Bigle object of a well-Larmonized mass of pleasurable 
tateria) or pleasurable stimulus for sense, intellect, and 
motion." 

This, too, is what I understand by an ffisthetic sense of 
iaaty ; and if a ben bird has her sexual appetence evoked 
\y the bright display of her mate, the emotional state she 
experiences is something very thfferent from what we know 
sa a sense of beauty. The adjective " festbetic " should in 
any case, I think, be resolutely excluded in any discussion 
ofeexaal selection. 

jBath etica. like conceptual thought, accompany the sup- 

• "OulliiiM of pgjoliDlogy," [I. S3T. J 
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tion of the activities to special circnmstancesy we have the 
activities -which we term '* intelligent ; " and here again the 
activities are sometimes divided into two classes, answering 
respectively to the reflex and the automatic, bat on a 
higher plane, according as they are responsive to stimul^ 
coming more or less directly from without, or spontaneous 
and taking their origin from within. But it is probably 
rather the remoteness and indirectness of the responsive 
element than its absence that characterizes these spon- 
taneous activities. 

Another classification of activities is into voluntary and 
involuntary. Voluntary actions are consciously performed 
for the attainment of some more or less definite end or 
object. Involuntary actions, though they may be accom- 
panied by consciousness, and though they may be apparently 
purposive, are performed without intention. Notwith- 
standing the conscious element, they may, perhaps, be 
regarded as rather physiological than psychological. The 
simple vital activities belong to this class. But some are 
much more complex. If, when I am watching the cobra at 
the Zoo, it suddenly strikes at the glass near my face, I 
involuntarily start back. The action is apparently pur- 
posive, that is to say, an observer of the action would 
perceive that it was performed for a definite end, the 
removal from danger ; it is also accompanied by conscious- 
ness ; but it is unintentional, no representation of the end 
to be gained or the action to be performed being at the 
moment of action framed by the mind. On the other 
hand, if I perform a voluntary act, such as selecting and 
lighting a cigar, there is first a desire or motive directed 
to a certain end in view, involving an ill-defined representa- 
tion of the means by which that end may be achieved; 
and this is followed by the fulfilment of the desire through 
the application of the means to the performance of the act. 

In the carrying out of voluntary activities, then, both 
perception and emotional appetence are involved. There 
are construction and reconstruction, memory and antici- 
pation, and interwoven therewith the motive elements of 
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or aversion. It is emotion that gives force and 
tba motive. And this must be regarded as tbe 
element in voluntary activity, while intelligenoe 
directive element. Feeling is the horse in the 
of life, and Intelligence the coachman. 
US here note that, in speaking of the activities of 
and the motives by which they are prompted, wo 
bed, if we would avoid pedantry, to leap backwards 
Krards across tbe chasm which separates tbe mental 
K physical. Motives, as we know tbem, are mental 
^na ; the activities, as we see them, are physical 
^na. The two sets of phenomena belong to distinct 
penal categories. In ordinary speouh, when we pass 
bass from motives to actions, and from actions to 
BDgs they may give rise to, we are apt to be forgetful 
tlepth of tbe chasm we ho lightly leap. And this is 
^t because the chasm, though so infinitoly deep, is 
bitely narrow. There are. however, no physical 
ks by which we can explain the connection between 
fsical and the mental, between body and mind. 
Called connection is, in reality, as I believe, identity, 
from without, we have a series of physical and 
laical phenomena ; felt from within, we have a 
( mental and psychological phenomena. It is tbe 
eriea viewed from diffyrent aspects. This is no 
ition ; it is merely a way, and, as I believe, the 
way, of stating tbe facts. Why certain physiological 
teua should have a totally different aspect to tbe 
m in which they occur from that which they offer 
rbo watches them from without, is a question which 
o be insoluble. All we have to remember, bowovor, 
in passing fi-om tbe mental to the physical, wo are 
|g our point of view. The series may be set dowa 

IfUpeet: Pliyewnl BlironlaB-> infomournl prowuca-^acliTitiM, 
teti AcDoiDiBnTiTig ronxDiuueiieta^— menUl ■lnle8~->aDc(nup«nr- 
iDK coa»ui-.iunieBa. 

' physical stimulus and tbe resulting activitiea are 
2b 
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number of bodily activities. All he has to do is to learn 
how to use it and to make himself master of the powers 
that are given him. 

At first, the acquisition of this mastery over the innate 
powers, even in the performance of comparatively simple 
muscular adjustments, may require a good deal of attention 
and practice. But, as time goes on, the frequent repetition 
of the ordinary activities of everyday life leads to their 
easier and easier performance. In simple responsive 
actions the appropriate activity follows readily on the 
appropriate stimulus. And, ere long, many acts which at 
first required intelligent attention are performed easily 
and without consciousness of effort or definite intention. 
A close association between certain oft-recurring stimuli 
and the appropriate response in activity is thus established, 
and the action follows on the stimulus without Besitation or 
trouble. With fuller experience and further practice in the 
ordinary avocations of life, the responsive activities link 
themselves more and more closely in association, become 
more and more complex, are combined in series and classes 
of activity of greater length and accuracy^K thus become 
organized into habits. Under this head fSRhose activities 
which we learn with difiSculty in childhood, and perform 
with ease in after-life. At first voluntary and intentional, 
they have become, or are becoming, through frequency 
and uniformity of performance, more or less involuntary 
and unintentional. 

** The work of the world is," we are told, " for the most 
part done by people of whom nobody ever hears. The 
political machine and the social machine are under the 
ostensible control of personages who are well to the front; 
but these brilliant beings would be sorely perplexed, and 
the machinery would soon come to a standstill, but for 
certain experienced, unambitious, and unobtrusive members 
of society." So is it also in the economy of animal life. 
The work of life is — to paraphrase Mr. Norris's words— for 
the most part done by habits of which nobody ever thinks. 
The bodily organization is ostensibly under the control of 



intellect and reason ; bnt these brilliant qualities would be 
sorely perplexed, and the machinery would soon come to a 
Btandstill, but for certain unobtrusive, habitual activities 
which are already as well trained in the routine work of 
life SB are the permanent clerks in the routine work of a 
Government ofSce. 

The importance of the establiehment of these habitual 
activities is immense. As the muscular and other re- 
sponses of ordinary everyday life become habitual, the 
mind is, BO to speak, set free from any special care with 
regard to their regulation and co-ordination, and can be 
concentrated on the end to bo attained by such activities. 
The cat that is creeping stealthily upon the bird has all 
her attention rivetted on the object of her appetence, and 
has not ttv trouble herself about the movements of her 
body and limbs. When the Bwallows are wheeling over 
our heads in the Bummer air, their sweeping curpcB and 
graceful evolutions are not the outcome of careful planning, 
but are just the normal exercise of activitiea which from 
long practic^l^e become habitual. To swim, to skate, 
to cycle, to roVBo play the piano, or the violin, — all these 
require our full attention at first. But with practice they 
some habitual, and during their performance the utti,-ii- 
may he devoted to quite other matters. Thie is a 
A gain. Without it complex trains of activities could 
not be performed with ease by man or beast. 

When once habits have been firmly established, their 
normal performance is accompanied by a sense of satiBfao- 
But it their performance is prevented or thwarted, 
lare ariees a sense of want or dissatisfaction. The pining 
& oaged wild animal for liberty is a craving for the free 
TormaQce of its habitual activities. In an animal bom 
eaptivity the craving is probably less intense, though, 
reasons which will presently become e\'ident, it is 
isumably by no means absent. Animals are, to a Tory 
'ge extent, creatures of habit. Much of the pleasure of 
lenr existence lies in the performance of habitual activitlck >_ 
zoological gardens, interesting as tht-y ore to Ui, a 



^equi 
^mecoi 
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probably centres of an amount of misery and discomfort, 
from mifulfilled promptings of habit and instinct, which 
we can hardly realize. 

From habitual activities we may pass by easy steps to 
those which are instinctive. Both habits and instincts, 
or, to use a more convenient and satisfactory mode of 
expression for our present purpose^ both .habitual and 
inst inctive activities^ are based upon innate capacity. But 
whereas habitual activities always require some learning 
and practice, and very often some intelligence, on the part 
of the individual^ instinctive activities are performed with- 
out instruction or training, through the exercise of no 
intelligent adaptation on the part of the performer, and 
either at once and without practice (perfect instincts) or 
by self-suggested trial and practice (incomplete instincts).* 

There is some Uttle difficulty in distinguishing between 
instinctive activities and reflex actions. Mr. Herbert 
Spencer defines or describes instinct as compound reflex 
action. Mr. Bomanes defines instinct as reflex action 
into which there is imported the element of consciousness. 
But, on the one hand, many instincts involve something 
more than compound reflex action, since there is an 
organized sequence of activities ; and, on the other hand, 
the difficulty (which Mr. Bomanes admits) or impossibility 
(as I contend) of applying the criterion of consciousness 
renders unsatisfactory the introduction of the mental 
element as distinctive. I would say, therefore, that (1) 
reflex actions are those comparatively isolated activities 
which are of the nature of organic or physiological re- 
sponses to more or less definite stimuli, and which involve 
rather the several organs of the organism than the activities 
of the organism as a whole; and that (2) instinctive 
activities are those organized trains or sequences of co- 
ordinated activities which are performed by the individual 

• I use the term " incomplete," and not •*imperfecV' because Mr. Boinan««i 
in his admirable discussion of the subject, applies the term ** imperf*^^ 
instinct " to cases where the instinct is not perfectly adapted to the en*^ "^ 
Tiew (see •* Mental Evolution in Animals,*' p. 167). 
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1 common with all the members of the same more or less 
nstricted group, in adaptation to certain circumstances, 
Vrecorring or essential to the continuance of tbe species. 
These instinctive activities may, as 1 hare Baid, be per- 
med at once and witbout practice (perfect instincts) or 
? aelf-suggested trial and practice (incomplete instincts), 
tfost youug mammals require some little practice in the 
Be of their limbs before they are able to walk or run. 
Snt jonng pigs run about instinctively so 60on as they are 
Thuuberg, the South African traveller, relates, on 
t testimony of an experienced hunter, tbe case of a 
lamale hippopotamus which was shot the moment she bad 
^ven birth to a calf. "Tbe Ilottentots," be said, "who 
r&agined that after this they could catch the calf alive, 
immediately rushed out of their biding-place to lay hold of 
1 bnt, though there were several of them, tbe new-born 
f got away from them, and at once made the best of its 
hy to the river." 
Even in cases where some practice is apparently neoes- 
, tbe activities may be, and often are, perfectly in- 
Ainetive. Tbey cannot, however, be performed immediately 
1 birth, because the nervous and muscular mechanism 
I not at that time sufficiently developed. They might, 
kethaps, with advantage be tei-med "deferred instincts."* 
[ time be given for this development, the activities are 
tried out at once and without practice. Throw a new- 
m puppy into the river, and, after some belplesB 
>tindering, be vrill be drowned. Throw his brother when 
illy grown into the river, and, though be may never have 
en in the water in bis life, he will swim to shore. He 
bB not to learn to swim ; this is with him an instinctive 
tivity. The dog inherits the power which the boy must 
th some little difficulty acquire. He probably has to 
no special attention to the muscular adjustments 
rolved. Tbe act is accompanied by consciousness, but 
t that directed consciousness we call " attention," When 
a boy has acquired the habit, be is Bcarccly conscious of 
e special muscular co-ordinatious as he swims across tbe 
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river ; he is only conscioas of a desire to pick the water- 
lilies near the further bank. 

Birds, especially those which are called prcecoces, in 
contradistinction from the altrices, which are hatched in a 
helpless, callow condition, come into the world prepared at 
once to perform complex activities. Mr. Spalding writes,* 
'' A chicken that had been made the subject of experiments 
on hearing [having been blindfolded at birth] was mi- 
hooded when nearly three days old. For six minates it 
sat chirping and looking about it ; at the end of that time 
it followed with its head and eyes the movements of a fly 
twelve 'finches distant; at ten minutes it made a peck at 
its own toes, and the next instant it made a vigorous dart 
at the fly, which had come within reach of its neck, and 
seized and swallowed it at the first stroke; for seven 
minutes more it sat calling and looking about it, when a 
hive-bee, coming sufficiently near, was seized at a dart, 
and thrown some distance much disabled. For twenty 
minutes it sat on the spot where its eyes had been unveiled 
without attempting to walk a step. It was then placed on 
rough ground, within sight and call of a hen with a brood 
of its own age. After standing chirping for about a minute, 
it started off towards the hen, displaying as keen a percep- 
tion of the qualities of the outer world as it was ever likely 
to possess in after-life. It never required to knock its 
head against a stone to discover that there was ' no road 
that way.' It leaped over the smaller obstacles that lay in 
its path, and ran round the larger, reaching the mother in . 
as nearly straight a line as the nature of the ground would A 
permit. This, let it be remembered, was the first time itwJ 
had ever walked by sight." t 

Mr. Spalding's experiments also proved that, evei 



* Macmillan*8 Magnzinet February, 1873. Profeasor Eimer, in hia ** OrganL 
Evolution " (English translation, p. 245), narrates similar experiences. 

t Mr. W. Larden states, in Nature (vol. xlii.), that his brother extracted -=: 
from the oviduct of a Vivora de la Cruz snake in the West Indies, two youi 
snakelets six inches long. Both, though thus from their mother's ovidi 
untimely ripped, threatened to strike, and made the burring noise with 
tail, characteristic of the snake. 




Iiftmong the altrices, young birds Jo not require to be taught 
f to fly, but fly instinctively bo soon as the boitily organiza- 
tion is sufficiently developed to rcndt-r this activity possible. 
He kept young swallows caged until they were folly fledged, 
and then allowed them to escape. They flew straight off 
at the first attempt. They exhibited the instinctive power 
of flight in a perfect but deferred form. 

It is, however, among the higher invcrtebratos-— 

■ especially among the insects, and of them pre-eminently J 

in the social hymenoptera, ants and beea, that the mos t 1 J 

remarkable and complete instincts are seen. There i s, j I 

however, a tendency to ascribe all the habits of ants ana | 

bees to instinct, often, as it seems to mo, without sufficient 

evidence that they are performed without instruction, and _ 

tfarongb no imitation or inteUigont adjustment. This is, 

perbaps, a survival of the old-fashioned view that all the 

mental activities of the lower animals are performed from 

instinct, whereas all the activities of human beings are to 

be regarded as rational or intelligent. In popular writings 

and lectures, for esample, we frequently find some or all of 

the following activities of ant-life ascribed to instinct : 

Recognition of members of the same nest ; powers of com- 

Xuuiiication ; keeping aphides for the sake of their sweet 

Secretion ; collection of apbid eggs in October, hatching 

them out in the nest, and taking them in the spring to tho 

daisies, on which they feed, for pasture ; slave-making ^^^ 

alftve-keeping, which, in eome cases, is so ancient a habit 

'that the enslavers are unable even to feed themselveH ; 

lte«pii)g insects as beasts of burden, f .3. a kind of plant-bug 

"to carry leaves ; keeping beetles, etc., as domestic pets ; 

laabita of personal cleanliness, one ant giving another a 

broBh-ap. and being brnshed-np in return ; habits of play 

^nd recreation ; habits of burying the dead ; the storage of 

1 and nipping the budding rootlet to prevent further 

germination ; the habits described by Dr. Lincecum, and 

I ft large extent confirmed by Dr. ^fcCook," that Texan 

* Dr. McCook conflmu the ob«erT&li(iD that Uic olevingi Mt> krpt gIobo, 
kl Ibe wit-ricii nlooe u {K-nsitltxl to grow on tbiin, tnd tLkt Um pniliMM uf 
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ants go forth into the prairie to seek for the seeds of a kind 
of grass of which they are particularly fond, and that they 
take these seeds to a clearing which they have prepared, 
and then sow them for the purpose, six months afterwards, 
of reaping the grain which is the produce of their agricul- 
ture ; the collection by other ants of grass to form a kind 
of soil on which there subsequently grows a species of 
fungus upon which they (eed ; the military organization of 
the ecitons of Central America ; and so forth. Now, the 
description of the habits of ants forms one of the most 
interesting chapters in natural history. But to lump them 
together in this way, as illustrations of instinct, is a survival 
of an old-fashioned method of treatment. That they have 
to a very large extent an innate basis may be readily 
admitted. But at present we are hardly in a position to 
say how far they are instinctive, that is, performed by each 
individual straight bfif, and without imitation, instruction, 
or intelligence ; how far habitual, that is, performed after 
some little training and practice ; how far there is the 
intelligent element of special adaptation to special circum- 
stances ; how far they are the result of imitation ; to what 
extent, if any, individual training and instruction are factors 
in the process. 

To put the matter in another way. Suppose that an 
intelligent ant were to make observations on human 
activities as displayed in one of our great • cities or in an 
agricultural district. Seeing so great an amount of routine 
work going on around him, might he not be in danger of 
regarding all this as evidence of blind instinct ? Might he 
not find it difiSoult to obtain satisfactory evidence of the 
establishment of our habits, of the fact that this routine 
work has to some extent to be learnt ? Might he not say 
(perhaps not wholly without truth), *'I can see nothing 
whatever in the training of the children of these men to fit 
them for their life-activities. The training of their children 

this crop is carefully harvested ; but he thinks that the ant-rlce sows itself, 
aud is not actually planted by the ants (see Sir John Lubbock's *' 
Lectures/' 2ud edit, p. 112). 
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LS no more apparent bearing upon the activities of their 
ter-life than the feeding of our grubs has ou the duties of 
nt-life. And although we must remember," he might 
DOntiuue, " that these large animals do not have tho 
idvantage which we possess of awaking suddenly, as by a 
1 birth, to their full faculties, still, as they grow older, 
? one and now another of their instinctive activities are 
ofolded and manifested. They fall into the routine of life 
with Uttle or no training aB the period proper to the various 
Instincts arrives. If learning thereof there be, it has at 
^eseut escaped our observation. And such intelligence as 
Sieir activities evince (and many of them do show remark- 
^le adaptation to uniform conditions of life) would seem 
' be rather ancestral than of the present time ; as is 
bown by the fact that many of the adaptationn are directed 
rather to past conditions of hfe than to those which now 
hold good. In the presence of new emergencies to which 
'3ieir instincts have not fitted them, these poor men are 
bft«D completely at a loss. Wo cannot but conclude, there- 
, that, although shown under somewhat different and 
)BB favourable conditions, instinct occupies fully as large 
ft space in the psychology of man as it docs in that of the 
pnt, while their intelligence is far less unerring and, there- 
te, markedly inferior to our own." 
Of course, the views here attributed to the ant are very 
■bsiird. But are they much more absurd than the views 
f those who, on the evidence which we at present possess, 
Rttribute all the varied activities of aut-Iife to instinct? 
9!fthe the case of the ecitous, or military ants, or tha 
harvesting ants, or the ants that keep draught-bugs as 
easts of burden : have we sufficient evidence to enable 
B to aflirm that these activities are purely instinctive and 
pt habitnal ? That tlicy are to a large extent innate, few 
B likely to deny ; but then our own habitual acts have a 
leis that is, to a very large extent, innate. The question 
. not whether they have an innate basis, but whether 
1 the varied manceuvres of the military ants, for example, 
e displayed to the full without any learning or imitation, 
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without teaching and without intelligence on the part of 
every individual in the army.* 

^ That in some cases there is something very like a train- 
ing or education of the ant when it emerges from the pupa 
condition is rendered probable by the observations of 
M. Forel. As Mr, Romanes says,t " The young ant does 
not appear to come into the world with a full instinctive 
knowledge of all its duties as a member of a social com- 
munity. It is led about the nest and ' trained to a know- 
ledge of domestic duties, especially in the case of larv».' 
Later on, the young ants are taught to distinguish between 
friends and foes. When an ants' nest is attacked by 
foreign ants, the young ones never join in the fight, but 
confine themselves to removing the pupsB; and that the 
knowledge of hereditary enemies is not wholly instinctive 
in ants is proved by the following experiment, which we 
owe to Forel. He put young ants belonging to three 
different species into a glass case with pupae of six other 
species — all the species being naturally hostile to one 
another. The young ants did not quarrel, but worked 
together to tend the pupsB. When the latter hatched out, 
an artificial colony was formed of a number of naturally 
hostile species, all living together after the manner of the 
* happy families * of the showmen." 

I have said that the varied activities of ants, though 
they may not in all cases be truly instinctive, are never- 
theless the outcome of certain innate capacities. It seems 
to me necessary to distinguish carefully between innate 

* The experiments, both of Sir John Lnbbook and Mr. Bomanes, she 
that the homing instinct of bees is largely the result of indiyidual obser— 
Yation. Taken to the seashore at no great distance from the hive, wh 
the objects around tliem, however, were unfamiliar (since the seashore is no' 
the place were flowers and nectar are to be found), the bees were nonpl 
and lost their way. Similarly, the migration of birds ** is now,'* aooording 
Mr. WalLtce, "well ascertained to be effected by means of vision, long flight 
being made on bright moonlight nights, when the birds fly very high, wluT. 
on cloudy nights they fly low, and then often lose their way" ("Darwi 
p. 442). This, of course, does not explain the migratory instinct — the intei 
prompting to migrate — but it indicates that the carrying oat of the 
impulse is, in part at least, intelligent. 

t '* Animal lutelligeuoe,** p. 59. 
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capacity and iiistiuct. Every animjil cornea into the world 
. witii an innate capacity to perform the activities which 
have been neeeBsary for the maintenance of the normal 
_existence of its aiicestorB, This is part of its inherited 
^organization. Only when these activities are performed at 
_the bidding of impidse, through no instruction and from 
_B0 tendency to imitationj can they, strictly speaking, be 
termed instinctive. The more uniform the conditions of 
ancestral life, and the more highly developed the organism 
when it enters upon the scene of active esistence, the more 
likely are the innate capacities to manifest themselves at 
once and without training as perfect instincts. Among 
birds, the proecocee, which reach a high state of develop- 
ment within the egg, and among insects, those which 
undergo complete metamorphosis, and emerge from the 
pupa or chrysalis condition fully formed and fully equipped 
for life, display the greatest tendency to exhibit activities 
which are truly and perfectly instinctive. But man, whose 
ancestors have lived and worked under such complex con- 
I, and who comes into the world in so helpless and 
taature a state, though his innate capacities are 
Wmous, exhibits but few and rudimentary instincts. 
I One marked characteristic of many of the habits and 
tincts of the lower animals is the large amount of blind 
nTision (if one may bo allowed the expression) which 
J display. By blind prevision I mean that preparation 
\ the future which, if performed through intelligence or 
, we should term "foresight," but which, since it is 
rformed prior to any Individual experience of the results, 
ie done, we must suppose, in blind obedience to the internal 
impulse. The sphex, a kind of wasp-liko insect, forms a 
Aie mud chamber in which she lays her eggs. She goes 
, finds a spider, stings it in such a way that it is 
ntlyzed bat not killed, and places it in the chamber for 
r nnbom young, which she will never see. The hen 
JHtlbates her eggs, though she may never have seen a 
Bteken in her life. The caterpillars of an Aii-ican moth 
ISV6 a collective cocoon as largo as a melon. All unite 
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to weave the enveloping bask; each forms its separate 
cocoon within the shell, and all these separate cocoons are 
arranged round branch-passages or corridors, by which the 
moths, when they emerge from the chrysalis condition, 
may escape. Another caterpillar, that of a batterfly 
{Thekla) feeds within the pomegranate, bat with silken 
threads attaches the fruit to the branch of the tree, lest, 
when withered, it should fall before the metamorphosis is 
complete. An ichneumon fly, mentioned by Kirby and 
Spence, '* deposits its eggs in the body of a larva hidden 
between the scales of a flr-cone, which it can never have 
seen, and yet knows where to seek ; " and thus provision is 
made for young which it will never know. Instances of 
such blind prevision might be quoted by the score. It is 
idle to speculate d.s to the accompaniments of consciousness 
of such acts. If it be asked — May there not be associated 
with the performance of the instinctive activity of incuba- 
tion an inherited memory of a generalized chick ? we can 
only answer that we do not know, but that we guess not.* 

There is, however, one association, in the case of these 
and other instincts, which we may fairly surmise to be 
frequent, though, for reasons to be specified hereafter, it is 
probably not invariable. Just as we saw to be the case 
with habits, so too with instinctive activities, their per- 
formance is not infrequently associated with pleasurable 
feeling, their non-performance with pain and discomfort 
and a sense of craving or want. The animal prevented 
from performing its instinctive activities is often apparently 
unquiet, uneasy, and distressed. Hence I said that the 
animals in our zoological gardens, even if bom and reared 
in captivity, may exhibit a craving for freedom and a 
yearning to perform their instinctive activities. This 
craving may be regarded as a blind and vague impulse, 
prompting the animal to perform those activities which are 
for its own good and for the good of the race to which it 
belongs. The satisfaction of the craving, the gratification 

* The American exprefision, ** I gueBS," is often far tmer to fact than its 
Engliiih equivalent, '* I think." 
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of the blind impulBe, is accompanied by a feeling of relief 
and ease. Thus where a motive emerges at all into con- 
sciousneBS, that from which we may presume that instinctivo 
activities are performed is not any foreknowledge of their 
end and purpose, but the gratification of an immediate, 
and pressing need, the satisfaction of a felt want. /^ 

"We have, bo far, been concerned merely with the 
variona kinds of activity presented by men and animals, 
and with some of their characteristics. The organism, in 
virtue of its organization, has an inherited groundwork of 
innate capacity. Surrounding circumstances and commerce 
with the world draw out and develop the activities which 
the innate capacity renders possible. First, there are 
automatic and reflex actions, which are comparatively 
isolated activities in response to definite stimuli, external 
or internal. Secondly, there are those organized traiua or 
sequences of co-ordinated activities which are performed 
by the individual in common with all the members of the 
same more or less restricted group, in adaptatiou to certaia 
circumstances, oft-recurring or essential to the continuauoo 
of the species. These are the instinctive activities. But 
no hard-and-fast line can be drawn between them and 
rcficx actions. The instinctive activities may be eithur 
perfect or relatively imperfect, according to the accuracy 
of their adaptation to tbe purpose for wliich the activity is 
performed ; but in either case they are carried out without 
learning or practice. In some cases, however, they cannot 
be [wrformed until the organization is more perfectly 
developed than it is at birth ; but when the proper time 
arrives they are perfect, and require no practice ; these 
may be termed " deferred instincts. " Where some practice, 
but only a little, is required, the instinctive activities may 
b© regarded as incomplete; and these pass into those 
activities which require at first a good deal of practice, 
learning, and attention, but eventually run off smoothly 
and without special attention, at times almost or quite 
oncoDSciously. These are habitual activities. Finally, 
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we have those activities which are performed in special 
adaptation to special circumstances. These are intelligent 
activities. 

All of these may be, and the last, the intelligent actions, 
invariably are, accompanied by conscionsness. The habitual 
activities, and those which are incompletely instinctive, are 
also, we may presume, accompanied by consciousness 
during the process of their organization and establishment. 
It is possible, however, that some of the perfectly instinctive 
activities may be performed unconsciously. When we 
consider how perfectly organized such activities are, and 
when we also remember that perfectly organized habitual 
activities are frequently in us unconscious, we shall see 
cause for suspecting that instinctive activities may, at any 
rate in some cases, be unconscious. No doubt the con- 
ditions of consciousness are not well understood. But let 
us accept Mr. Romanes's suggestion, that a physiological 
concomitant is ganglionic delay. '' Now what," he asks,* 
'' does this greater consumption of time imply ? It clearly 
implies," he answers, " that the nervous mechanism con- 
cerned has not been fully habituated to the performance of 
the response required, and therefore that, instead of the 
stimulus merely needing to touch the trigger of a ready- 
formed apparatus of response (however complex this may 
be), it has to give rise in the nerve-centre to a play of 
stimuli before the appropriate response is yielded. In the 
higher planes of conscious life this play of stimuli in the 
presence of difficult circumstances is known as indecision; 
but even in a simple act of consciousness — such as signalling 
a perception — more time is required by the cerebral 
hemispheres in supplying an appropriate response to a 
non-habitual experience, than is required by the lower 
nerve-centres for performing the most complicated of reflet 
actions by way of response to their habitual experience. 
In the latter case the routes of nervous discharge bave 
been well worn by use ; in the former case these routes 
have to be determined by a complex play of forces amid 

* ** Mental Evolution in Animab,'' pp. 73, 74. 



Habit and Inslinct. 



433 



fibres of the cerebral hemispheres. And this 

ly of forces, which finds its phyaiological es- 

in a lengthening of the time of latency, finds also 

ihological expression in the rise of consoiousness." 

Bince in many instinctive activities the stimiilns 

ids to tonch the trigger of a ready-formed 

itns of response," I think that they may be uncon- 

And Mr. Eomanes thus himself supplies the 

for rejecting his own definition of instinct as " reflex 

into which there is imported the element of cou- 

leas." Of course, logically, Mr, Romanes can reply, 

merely a question of where we draw the line ; if the 

^ is unconscious, it ia a reflex action ; if conscious, 

I instinct." I think this unsatisfactory, {1) because 

titerion of consciousness, from its purely inferential 

practically impossible of application with 

icy : (2) because the same series of activities may 

Wy Rt one time be uuconscions and at another time 

ous ; and (3) because many actions which are almost 

pally regarded as reflex actions may at times be 

panied by consciousness, and would then have, on 

Eonanes's view, to be regarded aa instincts. 

kTing made tltia initial criticism, I may now state 

regard Mr. Eomanes'a treatment of instinct as moat 

^le and masterly. Building upon the foundation 

Charles Darwin, he has worked out the theory of 

in a manner at once broad and yet minute, lucid 

. close, definite in doctrine and yet not blind to 

Itiee. If I say that it is a piece of work worthy of 

ULt master whose duvoted disciple Mr. Romanes has 

himself, I am according it the highest praise in my 

I have ventured in this volume to criticize some 

, Romanes's conclusions in the field of animal in- 

And le^t I should seem to undervalue hia 

ket our few divergences should seem to hide our 

parallelisms, I take this opportunity of testifying 

great and sincere admiration of the resiUts of 

nfnl and e^tact observations, bis patient and thought* 
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ful inferences, and his Incid and often laminoos expo- 
sition. 

I do not propose to go over the ground so exhanstively 
covered by Mr. Romanes in his discussion of instinct. I 
shall first endeavour shortly to set forth his conclusions, 
and then review the subject in the light of modem views of 
heredity. 

Admitting that some instincts may have arisen from 
the growth, extension, and co-ordination of reflex actions, 
Mr. Romanes regards the majority of instincts as of two- 
fold origin — first, from the natural selection of fortuitous 
unintelligent activities which chanced to be profitable to 
the agent (primary instincts) ; and, secondly, from the 
inheritance of habitual activities intelligently acquired. 
These are the secondary instincts, comprising activities 
which have become instinctive through lapsed intelligence. 
In illustration of primary instincts, Mr. Romanes cites the 
instinct of incubation. " It is quite impossible," he says/ 
''that any animal can ever have kept its eggs warm with 
the intelligent purpose of hatching out their contents, so 
that we can only suppose that the incubating instinct began 
by warm-blooded animals showing that kind of attention to 
their eggs which we find to be frequently shown by cold- 
blooded animals. . . . Those individuals which most con- 
stantly cuddled or brooded over their eggs would, other 
things equal, have been most successful in rearing progeny; 
and so the incubating instinct would be developed without 
there ever having been any intelligence in the matter.'' 

Many of the instincts which exhibit what I have termed 
above "blind prevision" must, it would seem, belong 
completely or in the main to this class. The instincts of 
female insects, which lead them to anticipate by blind 
prevision the wants of offspring they will never see; the 
instincts of the caterpillars, which lead them to make pro- 
vision for the chrysalis or imago condition of which they 
can have no experience ; the instinct of a copepod 
crustacean, which lays its eggs in a brittle-star, that they 

♦ ** Mental Evolution in Animals," p. 177. 
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tay therein develop, probably in the brood-sac, and may 
Wen destroy the reproductive powers of the host for the 
hture good of her own offspring — these add many others 
Wonld seem to have no baaiB in individual esperienee. 

In illustration of the second class of instincts, those 
HBiie to lapsed intelligence, Mr. Itomanes citoa the ease of 
"ds living on oceanic islands, which at first show no fear 
I of man, but which acijuire in a few generations an instinc- 
tive dread of him — for the wildness or tameness may 
become truly instinctive. "If," says Dr. Bae,* "Ihe eggs 
of a ■wild duck are placed with those of a tame one under a 
hen to be hatched, the ducklings from the former, on the 
very day they leave the egg, will immediately endeavour 
to Lido themselves, or tiike to the water if there is any 
water, shonid any person approach, whilst the young from 
the tame duck's eggs will show Uttle or no alarm, indicating 
I both cases a clear instance of instinct or ' inherited 
IBmory.' " 
It must not be supposed that these two modes of origin 
I mutually exclusive, and that any particular instinct 
t belong either to the one class or the other. On the 
jtr&ry, many instincts have, as it were, a double root — 
} principle of selection combining with that of lapsing 
telligence in the formation of a joint result. Intelligence 
|f thus give a new du-ection to a primary instinct, and, 
B intelligent modification being inherited, what is prac- 
lly a new instinct may arise. Conversely, selection 
ay tend to preser\'e those individuals which perform 
me intelUgent action, and may, therefore, aid the lapsing 
S intelligence in establishing and stereotyping an instinct, 
f Referring the reader to Mr. Romanes's work for the 
nples and illustrations by which he enforces his views, 
lay now proceed to consider the subject in the light of 
intly developed theories of heredity. 
^We have seen that a school of biologists hae arisen 
D deny the inheritance of acquired characters. But Mr. 
to], iiviii, |). 271,'iuoUtI ia "Meutal Evolution in Aaimiiln." 
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Romanes's secondary instincts depend upon the inheritance 
of habits intelligently acquired. By the school of Professor 
Weismann, therefore (if we may so call it without injustice 
to Mr. Francis Galton), secondary instincts, in so far as 
any individual acquisition is concerned, are denied. 
Opposed to this school are those who lay great stress on 
the inheritance of acquired characters. Some of them 
seem driven to the opposite extreme in the matter of 
instinct, and appear to hold that instincts are entirely (or 
let us say almost entirely) due to lapsed intelligence. 
Professor Eimer, of Tubingen, for example, says,* "I 
describe as automatic actions those which, originally per- 
formed consciously and voluntarily, in consequence of 
frequent practice, come to be performed unconsciously and 
involuntarily. • . • Such acquired automatic actions can 
be inherited. Instinct is inherited faculty, especially is 
inherited habit." In his discussion of the subject, Pro- 
fessor Eimer seems to make no express allusion to primar; 
instincts. And he regards at any rate some of those 
which are classed by Mr. Romanes as primary, as dne to 
lapsed intelligence. " Every bird," he says t " must, fix)m 
the first time it hatches its eggs, draw the conclusion that 
young will also be produced from the eggs which it lays 
afterwards, and this experience must have been inherited 
as instinct." He says % that the infant takes the breast 
and sucks " in accordance with its acquired and inherited 
faculties." He believes § that " the original progenitors of 
our cuckoo, when they began to lay their eggs in other 
nests, acted by reflection and with design." Regarding the 
mason-wasps and their allies, which sting larvsd in the 
ganglia which govern muscular action, and thus provide 
their young with paralyzed but living prey, he exclaims,! 
** What a wonderful contrivance ! What calculation on 
the part of the animal must have been necessary to discoTer 
it ! " Of the storing instincts of bees he remarks, IT " Selec- 
tion cannot here have had much influence, since the 

♦ " Organic Evolution," pp. 223, 224. f Ibid. p. 2G3. 

X Ibid. p. 303. § Ibid. p. 258. || Ibid. p. 279. \ Ibid. p. 276. 
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iers do not reproduce. In order to make these favoor- 
» conditious constaot, ineight and reflection on the part 
the, animals, and inheritance of these facnltiea, were 
ry." And he conolndes,* " Thus, according to the 
ceding considerations, automatic action may be described 
habitual voluntary action ; iDBtinct, as luberited habitual 
intary action, or the capacity for such action," 
Profesaor Elmer would not probably deny the eo-opera- 
of natural selection in the establishment of those 
incts, but he throws it altogether into the Laekground. 
vt, such a \iew seems to me wholly untenable. Many of 
instincts of insects are performed only once in tlio 
rse of each individual life. Can it be supposed that the 
iving of a cocoon by the caterpiDar is mainly a matter 
lapsed intelligence? Even if we credit the hen bird 
1 the amount of reflection supposed by Professor Eimer, 
we grant to the ancestors of the ichneumon fly such 
reaching observation and intelligence as really to 
I (not by blind prevision, but through intelligent 
laight) the future development of the eggs which she 
I in a caterpillar? Are we to suppose that the instijietive 
X of the young euekoo, which, t)ii- day after it is katchal, 
I eject all the other occupants of a hedge-accentor's 
l,t can have bad its origin in lapsed intelligence ? If, 
fcuse of their purposive character, we are to regard such 
inets as of iutelhgent origin, may we not be told that 
High intelligent design the pike has beset its jaws, 
and gill-arebea with innumerable teeth, all back- 
dly directed for the purpose of holding its slippery prey ; 
the eagle has protected its eye with a bony ring of 
rotio plates, like the holder of an optician's watch-glasB? 
" micry in form and colour is due to natural selection, 
r not mimicry in habits and activities ? If utructiires of 
imderfully purposive character have been evolved with- 

"OrgkOia Efolution," p. 2!>a. 'Die lata O, XI. Lowes held ■omenlikt 

. See Hr. Jnkn ILkncoak, NatDTH] Hutur; TrniaMtiuus, North umber Innd, 
imm, and Nowcagtle-on-Tyne. voL Tiii. (I88C); and Nature, vol. xsiiiL 
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out the intelligent co-operation of the organiBms which 
possess them, why not some of the highly purposive 
aciivxixe% ? 

And here the disciple of the school of Professor Weis- 
mann will echo and extend the question, and will say, 
" Yes ! why not all instinctive activities ? You are ready to 
admit/' he will continue, ''that many instincts, wonderfully' 
purposive in their nature, are of primary origin, that is dne 
to natural selection ; why, then, invoke any other mode of 
origin ? If lapsed intelligence be excluded in these cases, 
why introduce it at all ? Why not admit, what our theory 
of heredity demands, that * * all instinct is entirely due to 
the operation of natural selection, and has its foundation, 
not upon inherited experiences, but upon the variations of 
the germ ' ? " 

Professor Weismann's contention needs much more 
serious consideration than that of Professor Eimer. I 
think there is force in the a priori argument (as an a priori 
argument) that since very complex instincts are probably 
of primary origin, there is no i priori necessity for the 
introduction of the hypothesis of lapsed intelligence. Let 
me first illustrate this further. 

A certain beetle (Sitaria) lays its eggs at the entrance 
of the galleries excavated by a kind of bee (Anthophorajt 
each gallery leading to a cell. The young larvae are 
hatched as active little insects, with six legs, two long 
antennae, and four eyes, very different from the larvsB of 
other beetles. They emerge from the egg in the ftutumn, 
and remain in a sluggish condition till the spring. At that 
time (in April) the drones of the bee emerge from the 
pupae, and as they pass out through the gallery the sitaris 
larvae fasten upon them. There they remain till the 
nuptial flight of the anthophora, when the larva passes 
from the male to the female bee. Then again they await 
their chance. The moment the bee lays an egg, the sitaris 
larva springs upon it. "Even while the poor mother is 
carefully fastening up her cell, her mortal enemy is ^' 

♦ Weiamann, ** On Heredity," p. 91. 
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ginning to devour her offspring ; for the egg of the 
nnthophora serves not on]y as a raft, hut as a repast. 
The honey, which is enough for either, would be too little 
for hoth ; and the sitaris, therefore, at its first meal, 
relieveB itself from its only rival. After eight days the egg 
is consumed, and on the empty shell the sitaris undergoes 
its first transformation, and makes its appearance in a 
very (liferent form. ... It changes into a white, fleshy 
grab, so organized as to float on the surface of the honey, 
with the mouth beneath and the spiracle s above the 
surface. ... In this state it remains until the honey is 
consumed;"* and, after some farther metamorphoses, 
develops into a perfect beetle in August. 

Now, it seems to me difficult to understand bow, at any 
stage of this long series of highly adaptive, instinctive 
activities, lapsed intelligence can have been a factor. And 
therefore I say, if such a complex series! cQ'H have resulted 

■ M. F>bre, Bi interested by Sir Julm Lubbock, "Saientiflc Lvctiirca," 
2Dd ^liU, p, 45. 

t In fuitlier illnitmtloD of the foot (hut parptMiveaecs and complex 
kdaptatian of Mtivitira U uo criterioa or preaent ur pB«( direoUon by intelli- 
ireiioe, ire may draw altenlion to the (iction of the leucocytes, or wliite hlood- 
MrpuMln. MetchDikofT fuund t)int in the wKter-Ses (2)a;)AiiM), affected by 
■porea of Jfonoipora bi'ouipiifiila, a kind of yeast which piuioa from tba 
inteatiiml cuunl into the body-carily. the leuoooytea attacked nod doTourt-Hl 
tbe eooUlin. If a couidium wore too mitch for one cell, a pliuuiodiiini, or 
MmpoQud ginnt-cell, wa« fonned to repel tho invader. The came thing uccuni 
to uithrtiK. tho bacilli being attaokeil and devoured by the Icacocytea. " If 
■« ■Dinmoriio," mys Mr. Bland Button ("General PaUiology," pp. 127, I2S), 
" the itory nf infliiramation sa we read it Eonloi^ically, it shoiilil be llhoneil lo 
k battle. The leucocyte* are the defending army, their made and lions of 
eamtDunication the blooJ-Teucle. Every compoaito orgaaism msint&ina a 
aertkio pniportjon of louoocytei oa repreHenting ita atanding anny. Whon the 
body ia invaded by bacilli, bacteria, mierococai, ohemieal or other irrjtnnla, 
laCannation of the nggrcsaion ia tolegiaphed by means of the vuao.niotor 
ttCErre*, and leuoooylee ruHh to the attack : reinfuroementa and recruits are 
quickly funned to iocivaHe Ibe standing anny, Bomolimes twenty, thirty, or 
f'>rt)' times the normal atandnrd. In the confiict, ocUa die and often are 
Mklm by tbpir oompanionB; frequently the slaughter is so great that the 
Uaane beoome* burdened by the deo'l bn-lias of the soldiers in tho form of 
ptM, the artivily of llio cell buirig teatiGod by the fuot that ila pmloplosm 
often oonloina bacilli, etc., in various stngve of destnloUnn. These dead celU, 

tof aoldiera who fall in bnlile, later beoonie liutlful lo tbu 
oru iu tbuir lifutiinu uniiuua to |>rotMit (ram honu, fur thcr 
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from natural selection and non-intelligent adaptation, I 
see no a priori reason why any instinct, no matter how 
complex, should not have had a like origin. 

Let us, however, next consider whether Professor Weis- 
mann's theory of the origin of instincts necessarily 
altogether excludes intelligence as a co-operating factor. 
The essential point on which that theory is absolutely 
insistent is that what is handed on through inheritance is 
an inflate, and not an individually acquired, character. Now, 
since intelligent actions are characteristically individual, and 
performed in special adaptation to special circumstances, 
it would seem, at first sight, that the intelligent modification 
of an instinct could not, on Professor Weismann's view, be 
handed on. Let us consider whether this must be so. 

Speaking of ants and bees, Darwin pointed out that 
their instincts could not possibly have been acquired by 
inherited habit, since they are performed by neuter insects, 
that is, by undeveloped females incapable of laying eggs 
and continuing their race. For a habit to pass into an 
instinct by inheritance, it is obviously necessary that the 
organism which performs the habitual actions should be 
capable of producing oflfspring by which these actions might 
be inherited. But in this case the parental forms do not 
possess these instincts, while the neuter insects which do 
possess thern are sterile. 

And how does Mr. Darwin meet this difficulty ? " It is 
lessened, or, as I believe, disappears," he says,* " when it 
is remembered that selection may be applied to the family 

are fertile souroes of septicfemia and pjsDmia — the pestilence and scourge w 
much dreaded by openitive surgeons." Now, if the leuc<)cyt6s were separate 
organisms, whoso habits were being described, some might suppose that they 
were actuated by intelligence, individual or inherited. But in this case the 
activities are purely physiological. The marshalling of the cells during the 
growth of tissue (e.g. the antler of a stag before described) is of like import 
And Dr. Verworn has shown that when a (presumably weak) electric current 
is passed through a drop of water containing protozoa, they will, when the 
current is close'!, flock towards the negative pole, and when the current i« 
opened will travel towards the positive pole. The implication of all lhi« ^ 
that vital phenomena may be intensely purposive, and yet afford no efidence 
or indication of the present or ancestral play of intelligence. 
• " Origin of Species," p. 230. 
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aa well as to the individual. Breeders of cattle wish the 
flesh and fat to be well marbled together ; an animal thus 
ehnracterized has been slaughtered, but the breeder has 
gone with confidence to the same atock, and has succeeded. 
'Such faith may be placed in the power of selection, that a 
breed of cattle always yielding oxen with extraordinarily 
long horns could, it is probable, be formed by carefully 
watching which individual bulls and cows, when matched, 
produced oxen with the longest horns ; and yet no one ox 
would ever have propagated his kind. . . . Hence we may 
fionclnde that alight modificationa of structure or of inatinct, 
correlated with the sterile condition of certain memhera of 
the community, have proved advantageous; consequently, 
the fertile males and females have flourished, and trans- 
mitted to their fertile offspring a tendency to produce 
sterile members with the same modificationa. This process 
mat have been repeated many timea, until that prodigious 
iOont of difference between the fertile and sterile females 
the same species has been produced which we see in 
ly social insects." 

Now let us apply this illustration to tlie case of habits 
illigently acquired. Instead of the possession of long 
;8, suppose the performance of some habitual action 
obser'^ed in the oxen. Then, by carefully watching 
ioh individual bulla and cows, when matched, produced 
len which performed thia intelligent habitual action, a 
sed of cattle always yielding oxen which possessed this 
ibit might, on Darwin's principlsa, be produced. The 
ace of oxen might in this way be enhanced. Such 
itb may be placed in the power of selection that a breed 
cattle always yielding oxen of marked intelligence 
lid, it is possible, he formed by carefully watching which 
mdnal bulla and cows, when matched, produced the 
ist intelligent oxen ; and yet no ox would ever have 
igated its kind. Regarding, then, a neat of ants or , 
ae a social community, mutually dependent on each 
ler, and subject to natural selection, that community 
luld best escape eliuiiuatiou in which the queen produced 
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two sets of offspring — one set in which the procreative 
faculty was predominant to the partial exclusion of in- 
telligence, and another in whicl^ intelligent activities were 
predominant to the exclusion of propagation. 

It is possible that I have weakened my case by intro- 
ducing such a difficult problem as the instincts of neuter 
insects. And I would beg the reader to remember that 
this is only incidental. What I wish to indicate is that 
among the many variations to which organisms are subject, 
there are variations in their intelligent activities; that 
these are of elimination value, those animals which con- 
spicuously possess them escaping elimination in its several 
modes ; that those survivors which thus escape elimination 
are likely to hand on, through inheritance, that intelligence 
which enabled them to survive ; that if, thoughout a series 
of generations, such intelligence be applied to some definite 
end, nervous channels will tend to be definitely established, 
and the intelligent activity will more and more readily 
become habitual ; that eventually, through the lapsing of 
intelligence, these habitual activities may become so fixed 
and stereotyped as to become instinctive ; that intelligence 
has thus been a factor in the establishment of these in- 
stinctive activities ; that throughout the sequence there is 
no inheritance of anything individually acquired, the in- 
telligent variations being throughout of germinal origin; 
and that, therefore, in the origin of instincts, the co-opera- 
tion of intelligence and the lapsing of intelligence are not 
excluded on the principles advocated by Professor Weismann. 

What, then, is excluded? Any individiially acquired 
increment, either in the inteUigence displayed or the stereo- 
typing process. The subject of instinct and of animal 
intelligence has not at present been considered at any 
great length by Professor Weismann, but, judging by the 
general tenor of his writings, I take it that what he 
demands is definite proof that such individually acquired 
increment w actually inherited. 

As before indicated in the chapter on "Heredity/ 
such proof it is, from the nature of the case, almost im* 
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isaible to produce. Suppose that we find evidence of a 

ually mcreasing application of intelligence to some 

iportant life-activity, or a more and more defined stereo- 

ing of some incompletely habitual or instinctive action ; 

iw are we to prove that the increment in either case is 

le to the inheritance of individual acqulBitions, not to the 

lection of favourable innate (that is to say, germinal) 

iations 7 Such a hopeless task may at once be 

i&ndoned. 

Are we, then, to leave the question as insoluble ? I 

k not. It is still open to as to consider whether there 

any cases in which the inheritance of acquired modifica- 

ina is a more probable hypothesis than the selection of 

iTOurahle germinal variations. Now, the acquisition of 

instinctive dread of man, and the loss of this instinctive 

idity under domestication, seem to be of this kind. 

yet I donbt whether the evidence on this head is con- 

'ng. For the loss of instinctive timidity. Professor 

feiamann may invoke the aid of panmisia. But if there 

truth in what I have already urged on this head, pan- 

a will not adequately account for the facts. On the 

hand, he may contend that the instinctive dread is 

due to the inheritance of individually acquired ex- 

ience, but to the selection of the wilder birds and 

als through the persistent elimination of those which 

tame. And in support of this view, he may quote 

himself, who says,' " It is Biurprising, considering 

le degree of persecution which they have occasionally 

fered during the last one or two centuries, that the 

is of the Falklands and Galapagos have not become 

it shows that the fear of man is not soon acquired." 

[uestionable, however, whether this persecution, 

Ittedly occasional, can have much elimination value. 

ite ia, however, the element of imitation and instructioi 

bo taken into account, and the difficulty of proving thi 

timidity is really instinctive. It has frequently been 

lerved that birds become, after a while, quite fearless of 

Bee Apiieadit to Mi. Ruinuiiea's " Mintal Evolulion io Aniiaals," y. 361. 
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trains. Here elimination is practically excluded; but it 
has to be proved that this fearlessness is truly instinctiTe. 
Professor Eimer*says,* "In my garden every sparrow and 
every crow know me from afar because I persecute these 
birds. Once, in the presence of a friend, I shot a crow 
from the roof of my house, while the pigeons and starlings 
on the same roof, to the great astonishment of my friend, 
to whom I had predicted it, remained perfectly quiet. 
They had learned by frequent experience at what my gun 
was aimed, and knew that it did not threaten them." 
There is nothing in this 'interesting observation, however, 
to show that what the pigeons had learnt had, by inherited 
experience, become instinctive. And Professor Weismann 
will not, in all probability, be prepared to accept as a 
logical inference " that this instinct of fear, because it can 
be dispelled by experience, must be founded on inherited, 
acquired experience." t 

Fully admitting, then, that this is a matter of relative 
probability, and that the observations and inferences in 
this matter are not by themselves convincing, I still think 
that the balance of probability is here on the side of some 
inheritance of experience. Take next such an instinctive 
habit as that which dogs display of turning round in a 
narrow circle ere they he down. In its origin the instinct 
probably arose with the object of preparing a couch in the 
long grass. Now, is this habit of elimination value ? Can 
we suppose that it arose through the eUraination of those 
ancestral animals which failed to perform this habit? I 
find it difficult to accept this view, though it is just possible 
that the animals which did this thereby escaped the 
observation of their enemies. It is also possible that this 
originally was a merely purposeless habit, a strange trick 
of manner, which has been inherited, and rendered constaot 
and fixed. Here again, however, I think the balance of 
probability is that the habit was intelligently acquired and 
inherited. 

I have before drawn attention to the more or less in- 

* " Organic Evolution," p. 227. t Ibid. p. 228. 
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eompletely iustmotive avoidance, by birds and lizards, of 
insects with warning coloratiou. That the avoidauoo is 
not perfectly inBtinctive is shown by the fact that young 
birds Bometiines taste these caterpillars or insects. But 
a very small basis of experience, often a single case, is 
sofficieut to establish the association. And in yonng 
chicks the avoidance of beea and wasps seems to be perfectly 
instinctive. The effects on the yonng birds, however, can 
hardly be of elimination value. Mr. Fouiton offered un- 
palatable insects "to animals from which all other food 
was withheld. Under these cireumstances, the insects 
were eaten, although often after many attempts, and 
erideutly with the most intense disgust." * I have caused 
be«B to sting young chickens ; the result was extreme dis- 
comfort, but in no cases permanent injury or death. If, 
then, the instinct is not of elimination value, that is to say, 
not auch as to save the possessors from elimination, how 
can it have boon established by natural selection ? And if 
not dae to natural selection, to what can it be due, save 
I iuherited antipathy ? 

Natural selection is such a far-reaching and ubiquitous 

letor in organic evolution, that it is not likely that many 

ises can be found in which the play of elimination can be 

Hgidly excluded. But there are uot a few in which elimina- 

ion does not appear to be the most important factor. Mr. 

. L. Grant has recently observed that the sparrows near 

Anckland, New Zealand, have taken to burrowing holes in 

Jid-cUfFs, like the sand-martin. The cliff-swallow of the 

istera United States has almost ceased to build nests in 

die cliffs, like its progenitors, and now avails itself of the 

;etioD afforded by the eaves of houses. The suniving 

1 Europe are said to have abandoned the instinct 

' building huts and dams. The race being no longer 

nfBciently numerous to live in communities, the survivors 

tiive in deep burrows. In Russian Lapland, under the 

}ersecntiou of hunters, the reiu,deer are reported to be 

jidoning the tundras, or open lichen-covered tracts, for 

• "Coluure of AnimnlB," p. ISO. 
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the forests. The kea {Nestor notabilis), a bmsh-tongaed 
parrot of New Zealand, which normally feeds on honey, 
fruits, and berries, has, since the introduction of sheep, 
taken to a carnivorous diet. It is said to have begun by 
pecking at the sheep-skins hung out to dry ; subsequently 
it began to attack living sheep ; and now it has learnt to 
tear its way down to the fat which surrounds the kidneys. 
This habit, far from being the result of elimination, is 
rapidly leading to the elimination of the bird that has so 
strangely adopted it. 

Now, although in these cases elimination has, I 
think, been a quite subordinate factor, I do not adduce 
them as convincing evidence that acquired habits are 
hereditary. Instruction and imitation in each successi?e 
generation may well have come into play. There is no 
proof that they are even incompletely instinctive. Bat I 
think that these are the kinds of activities, renewed and 
careful observations and, if possible, experiments on which, 
may lead to more decisive results. It would probably not 
be difficult to ascertain how far the carnivorous habit of 
the kea has become hereditary, and how far it is performed 
in the absence of instruction and without the possibility of 
imitation. 

I confess that when I look round upon the varied habits 
of birds and mammals, when I see the frigate bird robbing 
the fish-hawk of the prey that it has captured from the sea, 
the bald-headed chimpanzee adopting a diet of small birds, 
a Semnopithecua in the Mergui Archipelago eating Crustacea 
and mollusca, and the koypu, a rodent, living on shell- 
fish ; when I consider the divergence of habits in almost 
every group of organisms, the ground-pigeons, rock-pigeons, 
and wood-pigeons, seed-eating pigeons and fruit-eating 
pigeons ; the carrion-eating, insect-eating, and fruit-eating 
crows ; the aquatic and terrestrial kingfishers, some living 
on fish, some on insects, some on reptiles ; * the divergent 
habits of the ring-ousel and the water-ousel ; and the 
peculiar habits of blood-sucking bats ; — when I see these 

♦ WaUaoe'a •♦ Darwiniam/' p. 109. 
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a thousand other modifications and divergences of 
, I question whether the theory that they have all 
B through the elimination of those forms which failed 
esess them may not be poshed too far ; I am inclined 
Uieve that the inheritance of acquired modifications 
been a co-operating factor. It is not enough to say 
these habits are all useful to their several possessors. 
^ to he shown that tli^i/ nrv of dimitiation value — that 
■possession or non-possession has made all the difftir- 
,l)etween survival and elimination, 
ft) the whole, then, as the result of a careful considera- 
of the subject of instinctive and habitual activities, 
ia accordance with my general view of organic evolu- 
as set forth in previous chapters, I am disposed to 
ti the inheritance of individually acquired modificatiouH 
ibit as a working hypothesis, I do not think that 
ititely convincing evidence thereof can at present be 
toed. But to the best of my judgment, the probabili- 
ne in favour of the inheritance of modifications of 
ng activities, due to intelligence, instruction, and 
4ion ; always provided that the exercise of these 
fied actirities is sufficiently frequent and definite to 
tiBe to habits in the individual, 
recognize three factors in the origin of instinctive 
hies — 

', Elimination through natural selection. 
h Selection through preferential mating. 
, The inheritance of individually acquired modifica- 

I these I consider the first quite incontrovertible ; the 
id as highly probable ; and the third as probable in a 
l^ee. Id all three, intelligence may or may not have 

a factor. Some of the habits which have survived 
BAtion under the first factor may have been originally 
igent, some of them from the first unintelligent. 
I of the love-antics (so called), which, through their 
►ncy t<j excite sexual appetence in the female, have 

Bclected under the second factor, may have had a 
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basis in intelligence ; many of them probably have not. 
And though the great majority of individually acquired 
modifications of habits have owed their origin to inteUigent 
direction, still it is conceivable that some of them have 
not. An animal may have been forced by circumstances to 
modify its habits, without any exercise of intelligence ; and 
this modification, forced, through changed conditions, upon 
all the members of a species, may, through inheritance, 
have passed into the stereotyped condition of an instinct. 
Under each factor, then, we have two several categories. 

1. Elimination . . i *** ^^ unintelligent activitiee. 

( 0. of lutelligent aotiYities 

o a 1 A- f a. of unintelligent activitiea. 

2. Selection .. < - r- * n- \ x- i- 

i h. of intelligent actiTitiee. 

3. Inheritance . . / "' °^ nnintelligoiit actiTitiea. 

\ b. of inteUigent actiyitiee. 

In all cases, however, where intelligence has been a co- 
operating factor, this intelligence has lapsed so soon as the 
activity became truly instinctive. 

From the co-operation of the factors it is almost im- 
possible to give examples which shall illustrate the exclu- 
sive action of any one. The following table must therefore 
be regarded as indicating the probable predominance of the 
factor indicated : — 

J {a. Caterpillars spinning cocoons. 

\ h. Instincts of social hymenoptera. 
n y a. Dramming of snipe. 

\ h. Procedure of Queensland bower-bird, 
g fa. Ants forming nests in trees in flooded parts of Siam. 

\ h. Instinctive fear of man. 

In speaking of the instinct of caterpillars spinning 
cocoons as unintelligent, I am regarding the final purpose 
of the activity. Intelligence may very possibly have come 
into play in modifying the details of procedure. In giving 
the drumming of snipe as an example of unintelligent 
activities furthered by selection, I am assuming that it has 
a sexual import, and that the activity correlated with a 
narrowing of the tail-feathers was not, in its inceptioJ^' 
intelligently performed with the object of exciting sexual 
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petence in the hen. The case of the ants of Siam ia 
reu by Sir, Komanes," on the authority of Lonbiere, who 
^ " that in one part of that kingdom, which lies open to 
sat inundations, all the ants made their settlements upon 
les ; no ants' nests are to be seen anywhere else." Now, 
b modification of habits may have been the result of 
tielligence ; or it may have been forced upon the ants by 
Kiumstances. The floods drove them on to the trees ; 
e instinctive impulse to build a eettlemeut was impera- 
re; hence the settlement had to be formed on the trees, 
icanse the ground was flooded. The difficulty of aseer- 
ining whether intelligence has or has not been a factor 
eimply part of the inherent difficulty of comparative 
lyehology — a difficulty on which sufficient stress has 
ready been laid in an earlier chapter. 

The great majority of the instinctive activities of animals 
lave arisen thrntigb a co-operation of the factors, and it is 
Bxceediogly difficult in any indiviaual case to assign to the 
IkctoPB their several values. 

And here we must once more notice that the separation 
[ of the instinctive activities from the other activities of 
limals is merely a matter of convenience in classification. 
I the living organism the activities — automatic actions, 
(flex actions, incompletely and perfectly established 
iBtinets, habits, and intelligent activities — ore unclassified 
id commingled. They are going on at the same time, 
uding the one into the other, nntrammelled by the limita 
oposed by a scientific method of treatment, 

Once more, too, we must notice that the activities of 
litnals are essentially the outoome and fnllilmeat of 
notional states. When the emotional sonsibility ia high, 
le resulting activities are varied and vigorous. As we 
Mve before seen, this high state of emotional sensibility is 
Direlated with a highly charged and sensitive condition of 
le organic explosives elaborated by the plasmogen of the 
After repose, and at certain periodic times, this 
mte of exalted sensibility is apt to occur. It is exemplified 

• " Mciibil ETolutioii ID AnimaU." p. '^**- 
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in the so-called iustinet of play, which manifests itself in 
varied activities in the early morning, in early life, and 
in the returning warmth of spring — at such times, in fact, 
as the life-tide is in full flood. 

But perhaps the activities which result from a highly 
wrought state of sensibility are best seen at the periodic 
return of sexual appetence or impulse in animals of various 
grades of life and intelligence. Many organisms, at certain 
periods of the year, and in presence of their mates, are 
thrown into a perfect frenzy of sexual appetence. The 
love-antics of birds have been so frequently described that 
I will merely quote from Darwin * Mr. Strange's account 
of the satin bower-bird : ** At times the male will chase 
the female all over the aviary, then go to the bower, pick 
up a gay feather or a large leaf, utter a curious kind of 
note, set all his feathers erect, rim round the bower, and 
become so excited that his eyes appear ready to start 
from his head ; he contmues opening first one wing, and 
then the other, uttering a low, whistling note, and, like the 
domestic cock, seems to be picking up something from the 
ground, until at last the female goes gently towards him." 
Instances might be quoted from almost all classes of the 
animal kingdom. Many fish display "love-antics," for 
example, the gay-suited, three-spine stickleback, whose 
excitement is apparently intense. Newts display similar 
activities. Even the lowly snail makes play with its love- 
darts {spiculce atnoris), practical tangible darts of glistening 
carbonate of lime. . Mr. George W. Peckham has recently 
described t the extraordinary " love-dance " of a spider 
{Saitis pulex). " On May 24 we found a mature female, 
and placed her in one of the larger boxes ; and the next 
day we put a male in with her. He saw her as she stood 
l)erfectly still, twelve inches away ; the glance seemed to 
excite him, and he at once moved towards her; when some 
four inches from her he stood still, and then began the 

* ** Descent of Man," pt. ii. chap. xiii. 

t George W. and Elizabeth G. Peckham, " Occasional Papers of the 
Natural History of Wisconsin," vol. i. (1889), p. 37. 
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most remarkable performanceB that an amorous male could 

offer to an admiring female, Sbe eyed him eagerly, 

changing her position Irom time to time, so that he might 

be always in view, He, raising bis whole body on one 

side by straightening out the legs, and lowering it on the 

other by folding the first two pairs of legs up and under, 

I leaned bo far over as to be in danger of losing bis balance, 

kwhich he only maintained by sidling rapidly towards the 

■ lovered side. The palpus, too, on this side was turned 

L back to correspond to the direction of the legs nearest it. 

I fie moved in a semicircle for about two inches, and then 

linstantly reversed the position of the logs, and circled in 

lithe opposite direction, gradually approaching nearer and 

knearer to the female. Now she dashes towards him, while 

fie, raising bis first pair of legs, extends them upward and 

■fonrard as if to hold ber off, but withal slowly retreats. 

LAgain and again be circles from side to side, she gazing 

(iowards him in a softer mood, evidently admiring the grace 

f his antics. This is repeated until wii have counted a 

mdred and eleven circles made by the ardent little male. 

Now he approaches nearer and nearer, and when almost 

irithin reach whirls madly around and around her, she 

Jiing and whirling with him in a giddy maze. Again he 

I back and resumes his semicircular motions, with Mb 

lAy tilted over ; she, ail excitement, lowers her head and 

sea her body, so that it is almost vertical; both draw 

; she moves slowly under him. he crawling over her 

kd, and the mating is accomplished." 

It can Boarcely bo doubted that such antics, performed 

I presence of the female and suggested at sight of her, 

r?e to excite in the mate sexual appetence. If so, it can, 

rther, scarcely be doubted that there are degrees of such 

oitement, that certain antics excite sexual appetence in 

B female less fully or less rapidly than others ; yet others, 

^haps, not at all. If so, again, it can hardly be ques- 

med that those antics which excite most fully or most 

Lpidly sexual appetence in the female will be perpetuated 

uoagh the sek-ctiou of the male which performs them. 
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This is sexual selection throagh preferential mating. And, 
I think, the importance of these activities, their wide range, 
and their perfectly, or at any rate incompletely instinctiTe 
nature, justifies me in emphasizing this factor in the origin 
of instinotiye activities. It has hitherto, I think, not 
received the attention it deserves in discussions of instinct. 

A few more words may here be added to what has 
already been said on the influence of intelligence on 
instinct. The influence may be twofold — it may aid in 
making or in unmaking instincts. We have seen that 
instincts may be modified through intelligent adaptation. 
A little dose of judgment, as Huber phrased it, often comes 
into play. The cell-building instinct of bees is one which 
is remarkably stereotyped ; and yet it may be modified in 
intelligent ways to meet special circumstances. When, 
for example, honey-bees were forced to build their comb 
on the curve, the cells on the convex side were made of a 
larger size than usual, while those on the concave side 
were smaller than usual. Huber constrained his bees t3 
construct their combs from below upwards, and also 
horizontally, and thus to deviate from their normal mode 
of building. The nest-construction of birds, again, may 
be modified in accordance with special circumstances. 
And, perhaps, it is scarcely too much to say that, when- 
ever intelligence comes on the scene, it may be employed 
in modifying instinctive activities and giving them special 
direction. 

Now, suppose the modifications are of various kinds 
and in various directions, and that, associated with the 
instinctive activity, a tendency to modify it indefinitely be 
inherited. Under such circumstances intelligence would 
have a tendency to break up and render plastic a previously 
stereotyped instinct. For the instinctive character of the 
activities is maintained through the constancy and uni* 
formity of their performance. But if the normal activities 
were thus caused to vary in different directions in different 
individuals, the offspring arising from the union of these 
differing individuals would not inherit the instinct in the 



same purity. The instincts would be imperfect, and there 
woold be an inherited tendency to vary. And this, if con- 
tinued, would tend to convert what had been a. stereotyped 
instinct into innate capacity ; that is, a general tendency 
to certain activities (mental or hodOy), the exact form and 
direction of which is not fixed, until by training, from 
imitation or through the guidance of individual intelligence, 
it became habitual. Thus it may be that it has come 
IboDt that man, with his enormous store of innate capacity, 
B so small a number of stereotyped instincts. 
But while intelligence, displayed under its higher form 
originality, may, in certain cases, lead to all-round 
iatioD, tending to undermine instinct and render it leaa 
reotyped, intelligence, under its lower form of imitation, 
t the opposite tendency. For young animals are more 
fly to imitate the habits of their own species than the 
rign habits of other species, and such imitation woold 
refore tend towards uniformity. .^ 

Imitation is probably a by no means unimportant factor \ 
the development of habits and instincts. &Ir. A. R. 
Uace, in his " Contributions to the Theory of Natural 
MstioQ," contends that the nest-building habit in bird^ 
to a large extent, kept constant by imitation. The 
inctive motive is there, but the stereotyped form is 
ntained through imitation of the structure of the nest 
rhich the builders were themselves reared. Mr. Weir, 
rever, writing to Mr. Darwin, in 1868, saya in a letter, 
Ich Mr. Bomaues quotes,* " The more I reflect on Mr. 
llace's theory, that birds learn to make their nests 
Vase they have themselves been reared in one, the less 
tnod do I feel to agree with him. ... It is usual with 
wy-fanciers to take out the nest constructed by tie 
ent birds, and to place a felt nest in its place, and, 
Bn the young are hatched and old enough to be handled, 
^laoe a second clean nest, also of felt, in the box. reuiov- 
the other. This is done to prevent acari. But I never 
r that canaries so reared failed to make a nest when 
* "Meut&l Evulution iu Auiiuuls," |i. 226. 
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simplest expression. It is really more complex. For 
volition involves an antagonism of motives, one or more 
prompting to action, one or more prompting to lestraint. 
The organism yields to the strongest prompting, acts or 
refrains from acting according as one motive or set of 
motives or the other motive or set of motives prevails; in 
other words, according as the stimuli to action or the in- 
hibitory stimuli are the more powerful. 

And then we must remember that the perceptnal 
volition of animals becomes in us the conceptual volition 
of man. An animal can choose, and is probably conscious 
of choosing. This is its perceptual volition. Man not 
only chooses, and is conscious of choosing, but can rtfi/td 
upon his choice ; can see that, under different circumstances, 
his choice would have been different ; can even fancy that, 
under the same circumstances (external and internal), his 
choice might have been different. This is conceptnal 
volition. Just as Spinoza said that desire is appetence 
with consciousness of self ; so may we say that the volition 
of contemplative man is the volition of the brute with con- 
sciousness of self. No animal has consciousness of self; 
that is to say, no animal can reflect on its own conscious 
states, and submit them to analysis with the formation of 
isolates. Self-consciousness involves a conception of self, 
persistent amid change, and isolable in thought from its 
states. It involves the isolation in thought of phenomena 
not isolable in experience. We can think about the self 
as distinct from its conscious states and the bodily organi- 
zation ; but they are no more separable in experience than 
the rose is separable from its colour or it^ scent. Sucli 
isolation is impossible to the brute. An animal is con- 
scious of itself as suffering, but the consciousness is per- 
ceptual. There is no separation of the self as an entity 
distinct from the suffering which is a mere accident thereof; 
no conception of a self which may suffer or not suffer, may 
act or may not act, may be connected with the body or may 
sever that connection. Just as there is a vast difference 
between the perception of an object as here and not there, 



tm occurrenue as now aud not then, of a touch aa dae 
A solid body; and the conception of space, time, and 
sation ; so is there a vast difference between a percep- 
of an injury as happening to one'a self, and a con- 
Hon of aelf aa the actual or possible subject of painful 
Bciouaneas. This difference ie clearly seen by Mr, 
'art, who therefore epeaka of the conseiUknce of brutes 
opposed to the consciomnegs of man. Consciousness 
regards as conceptual; consentienee as perceptual.* 
1, as before stated, I should be disposed to accept his 
lenclature, were it not for its philosophical implications. 
Mr. Mivart regards the difference between conseious- 
s and consentienee as a difference in kind, whereas I 
it as a generic difference. I believe that consentienee 
leptnal consciousness) can pass and has passed into 
(conceptual consciousness) ; but Mr. Mivart 
[eves that between the two there is a great gulf fixed, 
no evolutionary process could possibly bridge or 

The perceptual volition of animals, then, is a state of 
icionsness arising when, as the outcome of perception and 
ition, motor-stimuli prompting to activity conflict with 

ibitory stimuU restraining from activity. The animal 
)8eB or yields to the stronger motive, and is conscious 
hooBtng. But it cannot reflect upon its choice, and 
ler its head about free-will. This involves conceptual 

Dgbt. When physiologists have solved the problem of 

ibitioo, they will be in a position to consider that of 
At present we cannot be said to know much 

nt it from the physiological standpoint. 

StQl, as before indicated, the fact of inhibition is un- 
itionable and of the utmost imiwrtance. It has before 
I pointed out that through inhibition, through the 

ipreasion or postponement of action, there has been 

lered posHible that reverberation among the nervous 
esses in the brain which is the physiological c 

t of lesthctic and conceptual thouglit. We have just 
In Uio WM18U ill itliiah 1 biivp ueeil tin- won) : uot aa he ubrk it bimaclf. 



462 



Animal Life and Intelligence. 



seen that, in association with inhibition, the faculty of 
volition has been developed. And we may now notice that 
the postponement or suppression of action is one of the 
criteria of intelligent as opposed to instinctive or impulsive 
activities. This is, however, subordinate to the criterion 
of novelty and individuality. 

Granting, then, that an action is shown to be intelligent 
from the novelty of the adjustments involved, and from the 
individuality displayed in dealing with complex circam- 
stances (instinctive adjustments being long-established and 
lacking in originality), we may say that the level of intelli- 
gence is indicated by the complexity of the adjustments; 
their precision; the rapidity with which they are made; 
the amount of prevision they display ; and in their being 
such as to extract from the surrounding conditions the 
maximum of benefit. 



Before closing this chapter, I will give a classification of 
involuntary and voluntary activities : — 





InitUtion. 


Motive. 


ResQlt. 


A. Involuntary (auto- 


Sense-stimulus 


Unconscious re- 


Automatic or 


matic and reflex) 




action of nerve- 
centres 


reflex act 


B. Involuntary O^a^i- 


Percept (per- 


Impulse (per- 
haps lapsed) 


Involuntary ac 


tual and iiistinclive) 


haps lapsed) 


tivity 


C. Voluntary (percep- 


Percept 


Appetence 


Vr)luntary ac- 


tual) 






tivity 


D. Voluntary (con- 


Concept 


Desire 


Conduct 


ceptual) 









In the involuntary acts classed as automatic and reflex. 
the initiation and the result may be accompanied by con- 
sciousness, but the intermediate mental link which answers 
to the motive in higher activities is, I think, unconscionS' 
In habitual and instinctive activities the consciousness oi 
the percept and the impulse may in some cases have 
become evanescent, or, to use G. H. Lewes's phrase, ha'V^ 
lapsed. In the case of some instincts, originating by tli** 
natural selection of unintelligent activities, the perceptu^^ 
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element may never have emerged, and the initiation may 
have been a mere sense-stimulus. 

The division of voluntary activities into perceptual and 
conceptual follows on the principles adopted and developed 
in this work. As to the terminology employed, I agree with 
Mr. S. Alexander * that it is convenient to reserve the terms 
** desire " and " conduct " for use in the higher conceptual 
plane. Animals, I believe, are incapable of this higher 
desire and this higher conduct. It only remains to note 
that it is within the limits of the fourth class (of voluntary 
activities initiated by concepts) that morality takes its 
origiiii. Morality is a matter of ideals. Moral progress 
takes its origin in a state of dissatisfaction with one's 
present moral condition, and of desire to reach a higher 
standard. The man quite satisfied with himself has not 
within him this mainspring of progress. The chief deter- 
minant of the moral character of any individual is the 
Heal self he keeps steadily in view as the object of moral 
desire — the standard to be striven for, but never actually 
attained. 

• " Moral Order and Progreae." 
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CHAPTER XII. 

MENTAL EVOLUTION. 

The phrase '' mental evolution " clearly implies the existence 
of somewhat concerning which evolution can be predicated; 
and the adjective '^ mental " further implies that this some- 
what is that which we term " mind." What is this mind 
which is said to be evolved ? And out of what has it been 
evolved ? Can we say that matter, when it reaches the 
complexity of the grey cortex of the brain, becomes at last 
self-conscious? May we say that mind is evolved from 
matter, and that when the dance of molecules reaches ft 
certain intensity and intricacy consciousness is developed? 
I conceive not. 

"If a material element," says Mr. A. R. Wallace,* "or 
a combination of a thousand material elements in a molecule, 
are alike unconscious, it is impossible for us to believe that 
the mere addition of one, two, or a thousand other material 
elements to form a more complex molecule could in any 
way tend to produce a self-conscious existence. The things 
are radically distinct. To say that mind is a product or 
function of protoplasm, or of its molecular changes, is to 
use words to which we can attach no clear conception. 
You cannot have in the whole what does not exist in any 
of the parts ; and those who argue thus should put forth 
a definite conception of matter, with clearly enunciated 
properties, and show that the necessary result of a certain 
complex arrangement of the elements or atoms of that 
matter will be the production of self-consciousness. There 
is no escape from this dilemma — either all matter is con- 

♦ " O^ntributions to the Theory of Natural Selection," p. 365. 
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Kcioas, or conBcioasiiesB is something distinct from matter ; 
B^d in the latter case, its presence in material forma is a 
KjgQof of the e^stence of conscious beings, outside of and 
Bndependent of what wc term ' matter.' " 
H There is a central core of truth in Mr. Wallace's 
Hkrgninent wbieh I bold to be beyond question, though I 
H^mpletely dissent from the conclusion which he draws 
H^m it. I do not believe that tbe existence of conscious 
^Beings, outside of and independent of what we term 
K* matter," is a tenable scientific hypothesis. In wbicb 
Bbwe. Mr, Wallace will reply, "You are driven on to the 
^btb«r bom of the dilemma, and must hold the preposterous 
^nriew that all matter is conscious." 

H Now, I venture to tiiink that the use here of the word 
Hi' ccmscious " is prejudicial to the fair consideration of the 
Hview which I hold in common with many others of far 
^kreater insight than I can lay claim to. And it seems to 
Hiue that we cannot fairly discuss this question without the 
Hntroduction of terms which, from their novelty, are devoid 
■ ■4rf the inevitable implications asBociated with " mind" and 
Lf' consciousness " and their correlative adjectives. Such 
Btenns, therefore, I venture to suggest, not with a view to 
^bieir general acceptance, but to enable me to set forth, 
^pithout arousing at the outset antagonistic prejudice, that 
(wjrpotheeis which alone, as it seems to me, meets the oon- 
r^tions of tbe case. 

b^ According to the hypothesis that is known as iht 
^■lonuttV hi/polhenh, the so-called connection between tbe 
^■tolecolar changes in tbe braiu and the concomitant states 
^■f consciousness is assumed to be identity. Professor 
H&axley suggested tbe term " neiuroses " for the molecular 
^hianges in tbe brain, and " psychoses " for the concomitant 
^Htatee of consciousness. According to materialism, psychosis 
^Bs a product of neurosis ; bnt according to monism, neither 
^■B psychosis a prodact of neurosis, not is neurosis a product 
^■ftf psychosis, but nciirusis m psychosis. They are identical. 
^BWll&t an external observer might perceive as a neurosis of 
Hny brain, I should at tbe same moment be feeling as a 
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psychosis. The neurosis is the outer or objectiye aspect ; 
the psychosis is the inner or subjective aspect. 

It is almost impossible to illustrate this assumption by 
any physical analogies. Perhaps the best is that of a 
curved surface. The convex side is quite different from 
the concave side. But we cannot say that the concavity is 
produced by the convexity, or that the convexity is caused 
by the concavity. The convex and the concave are simply 
different aspects of the same curved surface. So, too, are 
molecular brain-changes (neuroses) and the concomitant 
states of consciousness (psychoses) simply different aspects 
of the same waves on the troubled sea of being. Again, 
we may liken the brain-changes to spoken or written words, 
and the states of consciousness to the meaning which 
underlies them. The spoken word is, from the physical 
point of view, a mere shudder of sound in the air ; bnt it 
is also, from the conceptual point of view, a fragment of 
analytic thought. 

Now, we believe that the particular kind of molecular 
motion which we call neurosis, or brain-action, has been 
evolved. Evolved from what? From other and simpler 
modes of molecular motion. Complex neuroses have been 
evolved from less complex neuroses; these from simple 
neuroses ; these, again, from organic modes of motion which 
can no longer be called neuroses at all ; and these, once 
more, from modes of motion which can no longer be called 
organic. And from what have psychoses, or states of con- 
sciousness, been evolved ? Complex psychoses have been 
evolved from less complex psychoses; these from simple 
psychoses ; these, again, from — what ? We are stopped for 
want of words to express our meaning. We beUeve that 
psychoses have been evolved. Evolved from what ? From 
other and simpler modes of — something which answers on 
the subjective side to motion. We can hardly say "^^ 
consciousness ; " for consciousness answers to a particvk^ 
mode of motion called neurosis. So that unless we are 
prepared to say that all modes of motion are neuroses, ^^ 
can hardly say that all modes of that which answers on 
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he sabjectiye side to motion are conscious. I shall yentore, 
herefore, to coin a word * to meet my present need. 

It is generally admitted that physical phenomena, in- 
luding those which we call physiological, can be explained 
or are explicable) in terms of energy. It is also generaUy 
idmitted that consciousness is something distinct from, 
lay, belonging to a wholly different phenomenal order from, 
nergy. And it is further generally admitted that con- 
ciousness is nevertheless in some way closely, if not 
ndissolubly, associated with special manifestations of 
nergy in the nerve-centres of the brain. Now, we call 
nanifestations of energy '^ kinetic" manifestations, and we 
Lse the term " kinesis " for physical manifestations of this 
irder. Similarly, we may call concomitant manifestations 
\l the mental or conscious order '^ metakinetic," and may 
ise the term '' metakinesis " for all manifestations belong- 
ng to this phenomenal order. According to the monistic 
lypothesis, every mode of kinesis has its concomitant mode of 
fietakinesis, and when the kinetic manifestations assume the 
orm of the molecular processes in the human brain, the meta- 
Hnetic manifestations assume the farm of human consciousness. 
', am, therefore, not prepared to accept the horn of Mr. 
iiVallace's dilemma in the form in which he states it. All 
natter is not conscious, because consciousness is the meta- 
dnetic concomitant of a highly specialized^order of kinesis. 
But every kinesis has an associated metakinesis; and 
parallel to the evolution of organic and neural kinesis there 
has been an evolution of metakinetic manifestations culminating 
in conscious tlwught. 

Paraphrasing the words of Professor Max Muller,t I 
Bay, '* Like Descartes, like Spinoza, like Leibnitz, like 
Noire, I require two orders of phenomena only, but I define 
them diflferently, namely, as kinesis and metakinesis. 

* I consider that an apology is ncoded for the coinage of this and of two 
or three other words, such as ** construct," ** isolate," and •* predominant** I 
can only say that in each case 1 endeavoured to avoid them, hut found that I 
oould not make my meaning clear, or hriug out the poiut I wished to emphasize 
without them. 

t *• Science of Thought," pp. 286, 287. 
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According to these two attributes of the noumenal, 
philosophy has to do with two streams of evolution— the 
subjective and the objective. Neither of them can be said 
to be prior. . . . The two streams of evolution run parallel, 
or, more correctly, the two are one stream, looked at from 
two opposite shores." And again,* " Like Noir6, 1 would 
go hand-in-hand with Spinoza, and carry away with me 
this permanent truth, that metakinesis can never be the 
product of kinesis (materialism), nor kinesis the product of 
metakinesis (spiritualism), but that the two are inseparable, 
like two sides of one and the same substance." 

According to this view, the two distinct phenomenal 
orders, the kinetic and the metakinetic, are distinct only 
as being different phenomenal manifestations of the same 
noumenal series. Matter, the unknown substance f of 
kinetic manifestations, disappears as unnecessary ; spirit, 
the unknown substance of metakinetic manifestations, also 
disappears ; both are merged in the unknown substance of 
being — unknown, that is to say, in itself and apart from 
its objective and subjective manifestations. 

It will, no doubt, be objected that the final identity of 
neuroses and psychoses is an assumption. It is pure 
assumption, it will be said, that these molecular nervous 
processes, and those percepts and emotions which are their 
concomitants, are simply different aspects, outer and inner, 
objective and subjective, physiological and psychological, of 
the same noumenal series. This must fuUy and freely be 
admitted. Any and every explanation of the connection of 
mind and body is based on an assumption. The common- 
place view of two distinct entities, a mind which can act on 
the body and a body which influences the mind, is a pure 
assumption. The philosophic view, that there are two 
entities, body and mind, that neither can act on the other, 
but that there is a pre-established harmony between the 
activities of the one and the activities of the other, is, agai^* 
a pure assumption. The materialistic view, that matter 

♦ ** Science of Thought,** p. 279. 

t I use " substance ** here in its pbilosophical sense. 
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becomes at la>Bt self-conscious, is a pure assnmption. The 
idealistic view, that the woild of phenomena has no 
existence save as a fiction of my own mind, ia, once more, 
a pare asBumption. It is not a question of making or of 
not making an initial assumption; that trc wiist do in any 
rase. The question is — -Whicli assumption yields the most 
consistent and harmonious results ? 

Again, an answer will, no doubt, be demanded by some 
people to the question — How does that which, objectively 
considered, ia neurosis become subjectively felt as psychosis ? 
Is not the identification of neurosis and psychosis a begging 
of the question, unless the how, the mwlua operandi, is ex- 
plained ? If, in the latter query, by " begging the question" 
the adoption of an initial assumption is meant, I have 
already answered it in the affirmative. To the direct 
question — How does the objective neurosis become conscious 
as a subjective psychosis ? — while freely admitting that I du 
not know, I enter the protest that it is philosophically an 
illegitimate question ; for an answer is impossible without 
transcending consciousness. An illustration will, perhaps, 
make my meaning clear. Suppose that a sentient being 
he enclosed within a sphere of opaque but translucent 
ground glass, into the substance of which there are wrought 
certain characters. Suppose that external to this there is 
another similar but larger sphere, similarly inscribed, and 
that a second sentient being ia enclosed in the space between 
the two spheres. By an attentive study of the two spheres, 
this second sentient being arrives at the conclusion that 
the markings on the convex surface of the inner sphere 
imawer to the markings on the concave surface of the outer 
sphere; and he is led to the conviction that what he sees 
as markings on the convex, the being within the spherf 
aees as markings on the concave. He is, however, perplexed 
hy the question — How can this be ? He is acquainted witii 
tt Mrtain inner surface and a certain outer surface. He is 
led to correlate the markings of the one with the markings 
of the other. But the question how the two can have such 
diOerent aspects is beyond his solution. Puzzle as he 
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majy be can neTer solve it. It can cmly be solved (and 
bow simple then the solution!) by a being auUide both 
spheres, who can see what tbe enclosed being, ''cabm'd, 
cribb*d, confined," conld never see, namely, that the 
characters were wrought in the translucent glass of the 
spheres. By which parable, imperfect as it is, I would 
teach that we can never learn how kinetic manifestatioDs 
have a metakinetic aspect without getting outside ourselTes 
to view kinesis and metakinesis from an independent 
standpoint. Or, in the words of Sir W. R. Hamilton,* 
''How consciousness in general is possible; and how, in 
particular, the consciousness of self and tbe consciousnees 
of something different from self are possible . . . these 
questions are equally unphilosophical, as they suppose the 
possibility of a faculty exterior to consciousness and con- 
versant about its operations." 

The only course open to us, then, in this diflScult but 
important problem is to make certain assumptions, and 
see how far a consistent hypothesis may be based npon 
them. I make, therefore, the following assumptions: 
First, that there is a noumenal system of " things in them- 
selves" of which all phenomena, whether kinetic or meta- 
kinetic, are manifestations. Secondly, that whenever in 
the curve of noumenal sequences kinetic manifestations 
(convexities) appear, there appear also concomitant meta- 
kinetic manifestations (concavities). Thirdly, that when 
kinetic manifestations assume the integrated and co- 
ordinated complexity of the nerve-processes in certain 
ganglia of tho human brain, the metakinetic manifestations 
assume the integrated and co-ordinated complexity of human 
eonsciousness. Fourthly, that what is called "mental 
evolution " is the metakinetic aspect of what is called 
brain or interneural evolution. 

It would require far more space than I can here com- 
mand to deal adequately with these assumptions, and meet 
the objections which have been and are likely to be raised 
against them. I must content myself with drawing atten- 

* Quottni in Professor Veitch's ** Hamilton,** p. 77. 



tion to one or two which seem at once obvious and yet 
easily met. 
■ It may be asked — What advantage has such a view over 
cmaterialiBm? Why not assume that neural pro- 

WB, when they reach a certain complexity, give rise to 

^oduce consciouenesa ? 

First of all, I think, the objection raised by Mr. Wallace, 

i passage before quoted, to materialism is unanswer- 

Secondly, realistic materialism ignores the fact that 

iic manifestations for us human-folk are phenomena of 

Kiousness. To this we will retom presently. Thirdly, 
kliatic materialism, and any view which regards the 
physical series as one which is independent of the psychical 
BCGompaniments, and which regards consciousness as in 
any sense a by-product of neiural processes, are open to an 
objection which was forcibly stated by the late Professor 
Herbert.* " It is clearly impossible," he says, " for those 
. . . who teach that conBciousness is [a by-product and] 
never the cause of physical change, to dispute that the 
sctions, words and gestures of every individual of the 
haniBu race would have been exactly what they have been 
in the absence of mind ; had mind been wanting [had the 
by-product never emerged], the same empires would have 
risen and fftllen. the same battles would have been fought 
uid won, the same literature, the same masterpieces of 
painting and music would have been produced, the same 
religious rites would have been performed, and the same 
indications of friendship and affection given. To this 
absurdity physical science [realistic materialism] stands 
committed." I believe that Professor Herbert's argument, 
of which this passage is a summary, is, as against realistic 
materialism, sound and unanswerable. Finally, as Fro- 
teaaoi Mas Miiller has well observed.f " Materialism may 
in one sense he said to be a grammatical blunder ; it is a 

iftpplication of a word which can be used in an oblique 

^ T. M. n«rli>irt, " Tba lienliatle Aunoititiona of Modeni ScioDoa 
ln«d," 2iia «lit , p. 12a. 
"' - « of Thought," p. 571. 
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sense only, but which materiaUsts use in the nominatiTe. 
In another sense it is a logical blonder, because it rests 
on a confusion between the objective and the snbjeetiTe. 
Matter can never be a subject, it can never know, be- 
cause the name was framed to signify what is the objeet 
of our knowledge or what can be known.*' Materialism, 
then, for more than one sufficient reason, stands con- 
demned. 

It should be stated, however, that Professor Herbert 
seems to regard the monistic view I am advocating u 
committed to the absurdity indicated in the passage I baTe 
quoted. I am convinced that he was here in error. Indeed, 
he seems to have failed to see the fuU bearing of the 
monistic hypothesis ; for while he combats it, he comes 
very near adopting it himself. With this, however, I bare 
no concern. I have only to show that, on the assumptions 
above set down, we are not committed to the " absurdity" 
of supposing that intelligence and consciousness have bad 
no influence on the course of events in organic evolution^ 
that they have only felt the inevitable sequence of physical 
phenomena without in any way influencing it. According 
to the monistic hypothesis, kinesis and metakinesis are co- 
ordinate. The physiologist may explain aU the activities 
of men and animals in terms of kinesis. The psychologist 
may explain all the thoughts and emotions of man in terms 
of metakinesis. They are studying the different phenomenal 
aspects of the same noumenal sequences. It is just as 
absurd to say that kinetic manifestations would have been 
the same in the absence of metakinesis, as to say that the 
metakinetic manifestations, the thoughts and emotions, 
would have been the same in the absence of kinesis. It is 
just as absurd to say that the physical series would have 
been the same in the absence of mind, as to say that the 
mental series would have been the same in the absence of 
bodily organization. For on this view consciousness is no 
mere by-product of neural processes, but is simply one 
aspect of them. You cannot abstract (except in thought 
and by analysis) metakinesis from kinesis ; for when yon 
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Ere taken away the one, yoa have taken the otbet also. 
r speak of the organic activities beiDg conceivably the 
loe in the absence of couseiousnesa, is like saying that 
I outer curve of a soap-bubble would be the same in the 
lenee of the inner unrve. Whatever hypothetical exist- 
ses this statement may be true of, it assuredly is not 
e of Boap-bubbles. 

> pass on from this point to another, it is possible — I 

trast not probable, but still not impossible — that some 

one may say, "But how, on this view, can perception be 

,1- Bccounted for? Granted that in the neural processes of 

I individual organism kinesis is accompanied by those 

itakinetic manifestations which we term 'consciousness,' 

ir will this account for our perception of a distant object ? 

Qder scarlet geranium is a centre of kinetic manifesta- 

; it is fifty yards and more away. How can I here, 

any metakinetic process, perceive the kinesis that is going 

ont there ? " 

For one who can ask this question, I have written the 
pter on " Mental Processes in Man," and have used the 
1 " construct," in vain. In vain have I endeavoured to 
tlain that the seat of all mental processes is somewhere 
I the brain; in vain have I indicated the nature of 
>lisation and outward projection ; in vain have I reiterated 
\ the object is a thing we construct through a (meta- 
etic) activity of the mind ; in vain have I insisted that 
t knowledge is merely si/ml'olic of the noumenal existence ; 
i perhaps in vain shall I again endeavour to make my 
iviing cleai*. 

"When we say that we perceive an object, the mental 
Dceea (perception) is the metakinetic equivalent of certain 
etic changes among the brain-molecules. The object, 
an object (as a phenomenon or appearance), is there 
lerated. As before stated, I assume the exiBtence of a 
imenal system of which the noumenal existence, sym- 
lized as object, is a part. But what we term the object 
a certain phase of metakinesis accompanying certain 
letic nerve -processes in the brain. In other words, 
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phenomena are states of consciousnessi and cannot, for 
the percipient, be anything else. 

"It comes to this, then," an idealist will interpose: 
" states of consciousness are metakinetic ; phenomena are 
states of consciousness ; therefore phenomena are meta- 
kinetic. Your kinesis vanishes, and you are one with us, 
a pure idealist." 

Before showing wherein I am not a pure idealist, let me 
state why I am not. For the pure idealist, phenomena 
being states of consciousness, and nothing more, the world 
around resolves itself into an individual dream. Were I to 
hold this view, this pen which I hold, this table at which I 
write, the spreading trees outside my window, my Uttle sons 
whose merry voices I can hear in the garden, my very body 
and limbs, all are merely states of my own consciousness. 
This I am not prepared to accept. Do what I will, I camiot 
believe that such an interpretation of the facts is true. 

For this reason I make my first assumption that there 
is a noumenal system of things in themselves, of which all 
phenomena, whether kinetic or metakinetic, are manifesta- 
tions. I differ from the pure idealist in that I beUeve that 
phenomena, besides being states of consciousness, hate 
another, namely, a kinetie, aspeet. What are for me states 
of consciousness are for you neural processes in my brain. 
These are, again, for you states of consciousness ; but still 
for some one else they are kinetic processes. And an 
ordinary extraneous object, like this table, is the phenomenal 
aspect to me of a noumenal existence; and since that 
noumenal existence appears to you also in like phenomenal 
guise, the table is an object for you as well as for me, and 
not only for us, but for all sentient beings similarly con- 
stituted. The world we live in is a world of phenomena ; 
and it has a phenomenal reality every whit as valid as the 
noumenal reality which underlies it. And that phenomenal 
reality has two aspects — an inner aspect as metakinesis, 
and an outer aspect as kinesis. 

I must not here further develop the manner in which 
the hypothesis of monism presents itself to my mind. I 



Mental Evolution, 475 

will only, before passing on to consider mental or meta- 
kinetic evolution, draw passing attention to two matters. 
We have seen that Professor Hering and Mr. Samuel 
Butler have suggested " organic memory " as a conception 
useful for the comprehencion of embryonic reconstruction 
in development and other such matters (see p. 62). On the 
hypothesis of monism, this may be regarded as a kinetic 
manifestation of that which in memory rises to the meta- 
kinetic level of consciousness. 

The other matter is of far wider import. Monism 
affords a consistent and comprehensible theory of the ego, 
or conscious self — ^that which endures amid the flux and 
reflux of our conscious states. The ego, or self, is that 
motakinetic unity which answers to, or is the inner aspect 
of, the kinetic unity of the organism.* Only here and 
there, in fleeting and changing series, does the metakinesis 
rise to the level of consciousness. But the metakinetic 
unity is as completely one, indivisible, and enduring, as is 
the physical organism which is its kinetic counterpart. 
No one questions that there is an enduring organism of 
which certain visible activities are occasional manifesta- 
tions ; no one who has adequately grasped the teachings of 
monism can question that the enduring ego, of which 
certain states of consciousness are occasional manifestations, 
is the metakinetic equivalent of the organic kinesis. This 
solution of a problem which baffles alike materialists and 
idealists is, as it seems to me, as satisfactory as it is 
simple. 

And now let us pass on to consider the question of 
mental or metakinetic evolution. What, on the principles 
above laid down, can we be said to know or have learnt 
about it ? 

The inevitable isolation of the individual mind has long 
been recognized. '' Such is the nature of spirit, or that 
which acts," says Bishop Berkeley, ''that it cannot be 

* Strictly speaking, of the brain; but since the brain has no organic 
independence of the body, it is best here to focus attention on the unity of the 
organism. 
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itself perceived, but only by the effects that it prodaoeth." 
'' Thinking things, as such/' writes EAnt, '^ can never occur 
in the outward phenomena ; we can have no outward per- 
ception of their thoughts, consciousness, desires ; for all 
this is the domain of the inward sense." How comes it, 
then, that there is nothing of which, practically speaking, 
we are more firmly convinced than that our neighbours 
have each a consciousness more or less similar to our 
own? Certain it is that no one can come into sensible 
contact with his brother's personality and essential spirit. 
My brother's soul can never stand to me in the relation of 
object. Subject he never can be to any but himself. What, 
then, is he — his metakinetic self, not his kinetic material 
body — to me ? In Clifford's convenient phrase, he is an 
eject. And what is an eject ? An eject is a more or less 
modified image of myself, that I see minrored, as in a glass 
darkly, in the human-folk around me. Into every human 
brother I breathe the spirit of this eject, and he becomes 
henceforth to me a living soul. Or, if this mode of 
presentation does not meet with approval, I will say that 
an eject is that metakinetic unity I infer as identically 
associated with the organic and kinetic unity of my 
brother's living body. And I base the close metakinetic 
correspondence that I infer on the close kinetic corre- 
spondence that I observe. But since the only form or 
kind of metakinesis that I know is that of human self- 
conscious personality, it is certain that the metakinetic 
eject is an image of myself; it is and must be, in a word, 
anthropomorphic. 

Too much stress can scarcely, I think, be laid on the 
human, nay, even the individual, nature of the eject. All 
other-mind I am bound to think of in terms of my own 
mind. The men and women I see around me are Hk^ 
curved mirrors, in which I see an altered reflection of i^J 
own mental features. By certain signs I may be able to 
infer in this or that human mirror graces or iniperfections 
that I lack. But throughout my survey of human nature, 
every estimate of intellectual or moral elevation or degra- 
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pioa that I form mnat ever be measnred m terma of 
r own sabjective baBc-Iino. My conception of humanity 
let always be, not only anthropomorphic, but idiomorphic:. 
Once more, let it be remembered that the metaliinesis 
Wt rises to the level of consciousness ia that which forma 
9 inner aspect of the neural kinesis of my brain or yours. 
r each of as, then, that metakinesis is the only possible 
[jtakineBis which we can know as aueh and at first-hand. 
1 for the pnre idealist it is the only metakinesis which 
■ can know at all. Not so with us. We have assumed a 
nmenal ayatem of "thinga in themselves," of which all 
pnomena, whether kinetic or metakinetie, are manifeata- 
We have assumed that kmesis cannot emerge into 
I light of being without casting its inseparable metakinetie 
bdow. We have assumed that when the kinetic mani- 
tations assume the integrated and co-ordinated complexity 
a-prooeesea in certain ganglia of the human brain, 
b metakinetie manifestations assume the integrated and 
inated complexity of human consciousness. Human 
fBiology is teaching ns more clearly every day that all 
human activities are, physically speaking, the outcome of 
neural procesaea. Such neural processea are in us con- 
scious. Therefore, granting onr assumptions, the conclusion 
that my neighbour is a conscious self. Just aa I am, is not 
ocdy legitimate, but (aa we see from the daily conduct of 
men) inevitable. In other words, certain kinetic phenomena 
have for us inevitable metakinetie implications. 

Now, when we paas from man to the lower animals, 
the metakinetie implieationa become progressively less in- 
evitable and less forcible as the kinesis becomes more 
dissimilar from that which obtains in the human organism. 
The only metakinesis that we know directly ia our own 
hmnan consciousneaa. In terms of this we have to in- 
terpret all other forms of metakinesis. 

L It is unnecessary to go over again the ground that has 
^nady been covered in previona chapters, in which we 
Bye endeavoured to give aome account of what seem to us 
He legitimate inferences concerning the mental processes 
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in animals. The point on which I wish here to insist is 
that, outside ourselves, we can only know metakinesis in 
and through its correlative kinesis. Underlying kinetic 
evolution, we see that, on the hypothesis of monism, there 
must have been metakinetic evolution. But of this mental 
or metakinetic evolution we neither have nor can haye 
independent evidence. Such evolution is the inevitable 
monistic corollary from kinetic evolution. More than this 
it is not and cannot be. And only on the monistic 
hypothesis, as it seems to me, is it admissible to believe in 
mental evolution,* properly so called. 

But does not, it may be asked, the hypothesis of 
monism, if carried to its logical conclusion, involve the 
belief in a world-consciousness on the one hand, and a 
crystal-consciousness on the other? If, according to the 
hypothesis, every form of kinesis has also its metakinetic 
aspect, '' must we not maintain," in the words of Mr. J. A. 
Symonds, " that the universe being in one rhythm, things 
less highly organized than man possess consciousness in 
the degree of their descent, less acute than man's ? Mast 
we not also surmise that ascending scales of existence, 
more highly organized, of whom we are at present ignorant, 
are endowed with consciousness superior to man's ? Is it 
incredible that the globe on which we live is vastly more 
conscious of itself than we are of ourselves ; and that the 
cells which compose our corporeal frame are gifted with a 
separate consciousness of a simpler kind than ours ? " T^ 
such questions \y. K. Clifford replied with an emphatic 
negative. " Unless we can show," he said, as interpreted 
by Mr. Eomanes,t ** in the disposition of the heavenly 

* I ought not to pass over without notice the ** psychological scale " which 
Mr. Romanes introduces in a table prefixed to " Mental Evolution in Animal*- 
It would bo unjust to criticize this too closely, for it is admittedly provisio'^*' 
and tentative. If such a scheme is to be framed, I would suggest that the 
various phyla of the animal kingdom be kept distinct I question, however- 
whether any one can produce a scheme which any other independent observe' 
will thoroughly endorse. And I am inclined to think that the wisest plan '* 
to tabulate the kinetic manifestations which we can actually observe rather 
than the metakineses of whicli we can have no inde^iendent knowledge. 

t Contemporary Review^ July, 1886. See Clifford's ** Lectures and Bsaays.' 
vol. i pp. 72 and 248 ; vol. ii. p. 67. 
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lies some morphological resemblance to the structure of 
human brain, we are precluded from rationally eutertain- 
\ any probability that self-oonscioiis volition belongs to 
le universe." 

[ conceive that both parties, opposed as they seem, are 
Igically right ; and I venture to think that the terms I 
i suggested will help us here. Mr. Symonds nsed the 
ord " consciousneBS " to signify metakinesis in general; 
3ifford used it to signify that particular kind of meta- 
kinesis which in the human brain rises to the level of eon- 
BciouBnesB. Not only is it not inconceivable, bnt it is a 
logical necessity on the hypothesis of monism, that auswer- 
j to the kinetic rhythm of the imiverso there is a meta- 
inetic rhythm ; but unless the gyrations of the spheres 
me kinetic resemblance to the dance of molecules 
1 the human brain, the metakinesis cannot be inferred to 
B similar to the consciousness of man. 
Similarly, with regard to the supposed self-consciousness 
nT the so-called social organism. Mr. Itomanes, in his article 
" The World as an Eject," " leads up to his conception 
fa world-eject through the conception of a society-eject — 
1 eject, be ttills us, that, for aught that any one of its 
istituent peraonalitics can prove to the contrary, may 
Msess self-conscious personality of the most vivid character. 
B constituent human minds may be bom into it, and die 
Qt of it, as do the constituent cells of the human body ; it 
lay feel the throes of war and famine, rejoice in the com- 
fcwts of peace and plenty ; it may appreciate the growth of 
dTilization in its passage from childhood to maturity. 
This, of course, may be so ; or it may not. Who can 
U ? But Clifford was on firm monistic ground when he 
laintained that, unless the kinesis be similar, we have no 
K)ands for inft^rring similarity of metakinesis. 

The study of kinesis leads us to recognize different 

lids or modes of its manifestation. There is one mode 

; kinesis in the circling of the planets around the sun, 

lother mode of kinesis in the orderly evolutions of a great 

• OmUmemarij Rtniev:, July, 1886. 



480 Animal Life and Intelligence. 

army, another mode in the throb of a great printing-press; 
there is one mode of kinesis in the quivering molecules of 
the intensely heated son, another in the wire that flashes 
our thought to America, and yet another in the molecular 
vibrations of the human brain. All are of the same order, 
all are kinetic. But they differ so widely in mode that 
each requires separate, patient, and long-continued study. 
So is it, we may conclude, with metakinesis. There may 
be, nay, there must be, many modes. But our knowledge 
is confined to one mode — that in which the metakinesis 
assumes the form of human consciousness. 

I have been led to discuss this matter in order farther 
to indicate the inevitable limits of our knowledge of meta- 
kinetic evolution. Our conclusions may be thus sam- 
marized : First, we can know directly only one product of 
metakinetic evolution — that revealed in our own conscious- 
ness. Secondly, the process of metakinetic evolution must 
be reached, if reached at all, indirectly through a study of 
kinetic evolution. Thirdly, we have no right to infer a 
mode of metakinesis analogous to human consciousness, 
unless the mode of kinesis is analogous to that which is 
observed in neural processes. And, fourthly, the closer the 
kinetic resemblance we observe, the closer the metakinetic 
resemblance we may infer. 

The last point we have to notice, and it is by no means 
an unimportant one, is that, just as the kinetic evolution of 
the organism must be studied in reference to its kinetic 
environment, so, too, must the metakinetic evolution of 
mind be studied in reference to its metakinetic or mental 
environment. 

Of course, in ordinary speech, and even in careful 
scientific description, we are forced, if we would avoid 
pedantry, to skip backwards and forwards from the kinetic 
to the metakinetic. We speak of a kinetic cow giving n^® 
to metakinetic fear, and this determining certain kinetic 
activities. Why we thus interpose a mental link in * 
physical series has already been explained. The physic*' 
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Imow, the physical activities we know, the physical 
to we scarcely know at all. Oa the other hand, fear 
e oarselvea experienced, and know well. Hence we 
pe the mental hnk that we know in place of the 

link of which we are ignorant. And there can be 
|Kt in our doing so when we are working on the 
hi, and not the philosophical plane. But when we 
^ing to go deeper, and are employing that gift of 
% which is man's prerogative, in order to proceed to 
[ff and more complete synthesis, ^then we mnst ho 

1 to keep separate those processes which analysis 
^ to be distinct. And I repeat that, on the philoso- 
tdane of thought, we must remember that mtta)cmuti 
jtlJiined hi) other metakiiieset, and b>i them alone. 

} reader who has kept his head among these sh'ppery 
irill at once see that this is and must be bo; for, 
|are already seen (p. 474), all phenomena are states 
piousness, whatever else they may also be. The cow, 
Bienomenon, is a camlruct, a product of mental 
^ and woven out of states of consciousness. For the 
JBalist she is this and nothing more. But for us she 
pi eiteraal entity, manifested through phenomenal 
|i Hence in ordinary speech we separate the kinetic 
fm its metakinetic symbols in conacioueneBB (the 
I from the concave aspect), and call the former the 
jnlf, and the latter our idea of the cow. But, as 
piaintained, my idea of an object is for me the object. 
b is now justified by our deeper analysis, 
physiologist, dealing with organic phenomena in 
i motion (kinesis) , proclaims that the physical series 
Jete, that there is no necessity for the introdnction 
Dg which is at best hut a by-prodnct. The idealist, 
:with the proc-esses of thought and emotion in terms 
uousnesB, proclaims that his series is complete— an 
1 material universe is an unnecessary encumbrance, 
iroclaims a half-truth; each sees that half of the 
rbicb alone is visible from his special standpoint. 
k combines the two (and is, of course, scouted by 
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both) . It sees not only that the one series does not in any 
case interfere with the other, but that the conception of 
such an interference involves an impossibility and incon- 
gruity. As soon conld one speak of the convexities of one 
side of a curved surface interfering with the corresponding 
concavities of the other side, as of the metakinetic series 
interfering with the kinetic series, which is its other aspect. 
But if the one cannot interfere with the other, neither can 
the one exist without the other. To apply the same 
analogy, as well might one* speak of the convexities of a 
curved surface existing without the concavities of its other 
side, as of the kinetic phenomena of organic life as being con- 
ceivably the same in the absence of conscious intelligence. 

Bemembering, then, that just as the environment of 
kinetic phenomena is itself kinetic, with which conscious- 
ness can in no wise interfere, so is the environment of 
metakinetic phenomena, perception, thought, and emotion, 
itself metakinetic. Let us now proceed to consider some of 
the implications. 

We have already seen that, in what we may regard as 
the earlier phases of organic and mental life, the series 
between stimulus and activity is a simple one, which may 
be kinetically represented thus — 

Stimulus — > neuial processes — > motor-activities ; 



but that when inhibition is developed, there arises an 
alternative, thus — 

^^. , , ^^ motor-ftctivities. 

Stimulus— > neural processes rv .,.,.,. ., - 

^» inhibition thereof. 

And we further saw that, as a result of this inhibition, the 
entering stimuli, instead of, as it were, rapidly running out 
of the organism in motor-activities, set up a more and 
more complex series of diffused and reverberating neur^ 
processes in the brain or other central ganglia. 

From the metakinetic view-point these diffused ^^ 
reverberating neural processes in the brain culminate to 
consciousness as thought, aesthetic emotion, and the high^' 
conceptual mental activities. Deeply as these influence 
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idnct, they are, to a large extent, independent of con- 
A man's thoughts and restketic yearnings may be of 
) truest and purest ; but in the moment of temptation 
and action, when stimuli crowding in run through rapidly 
to action, he falls away. His conduct belies his ideals. 
Nevertheless, the ideals were there, but too far awsy in the 
region of thought and abstract cesthetics to be operative in 
action. 

Now, we may divide the metakinetic concomitants of 
nenral processes into two categories : first, those which are 
intimately associated with neural processes directly leading 
to motor-activities ; secondly, those which are, so to speak, 
floated off from these into the region of thought and 
esthetic emotion, and which are therefore associated with 
neoral processes only indirectly or remotely leading to 
motor-activities. Both have, of course, kinetic eqnivalenta 
in neural processes, but the former are directly associated 
vith activ'ities and conduct, and the latter are not. 

Let me exemplify. Interpretations of nature, theories, 
hypotheses, belong to the latter class. Their association 
irith actii-itiea ia in the main indirect. Whether we believe 
in materialism, idealism, or monism, our conduct is much 
the same. People got out of the way of failing stones, 
Bnd guarded against being caught by the incoming tide, 
before science comprised both phenomena under the theory 
of gravitation. The conduct of human-folk was not much 
altered by the replacement of the geocentric by a hetio- 
eentric explanation of the solar system. It matters not 
much how a man explains the lightning's Sash so Jong as 
be avoids being struck. The bird continues to soar quite 
irrespective of man's prolonged discussion of how it can be 
explained on mechanical principles. And in general the 
Inractical activities of mankind remain much the same (I 
do not say quite the same, for there are remote and indirect 
results of the greatest importance in the long run) whatever 
their particular theory of the universe may be. 

No\y, let us note the implication. We have said a good 
deal in earlier chai>terB about natural elimination and 
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selection. To which category of neural kineses do they 
apply — to those associated with practical results; or to 
those associated with theoretical results (supposing these 
to obtain below the level of man) ; or to both ? Clearly to 
those associated with practical results. It matters not 
what theories a lion, or an adder, or a spider hold (supposing, 
again, that they are capable of theorizing, which I doubt). 
Its practical activities determine whether it survives or not 
So, too, with men, %o far as they are subject to natural 
eltjnination. It matters not what may be the nature of 
their thoughts, their SBsthetic yearnings, their ideals. 
According to their practical conduct, they are eliminated or 
escape elimination. In other words, elimination or natnial 
selection applies only remotely or indirectly to the human 
race regarded as theorists, aesthetes, or interpreters of 
nature. 

Before proceeding to indicate to what laws our theories 
and interpretations of nature and moral ideals are subject, 
we may note that there are sundry activities of man, the 
outcome of his conceptual thought and emotion, which are 
also, under the conditions of social life, to a large extent 
beyond the pale of elimination. I refer to the aesthetic 
activities — music, painting, sculpture, and the like ; in a 
word, the activities associated with art, literatiure, and pure 
science. These, in the main, take rank alongside the ideas 
of which they are the outward expression. Natural selec- 
tion, which deals with practical, life-preserving, and life- 
continuing activities, has little to say to them. They are 
neutral variations which, so far as elimination is concerned, 
are neither advantageous nor disadvantageous, and, there- 
fore, remain unmolested. 

We may, therefore, fully agree with Mr. Wallace, when 
he says,* "We conclude, then, that the present gigantic 
development of the mathematical faculty [as also of the 
musical and artistic faculties] is wholly unexplained by the 
theory of natural selection, and must be due to some 
altogether distinct cause." Nay, we may go further, ^^ 

♦ " Darwiniflm," p. 467. 
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lay tbut it is only by nuBunclerstaiidiiig the range of 

Mtaral selectioD aB an eliminator that any one could sappose 

bat ttiese faculties could be explained by that theory. 

We must admit, then, that there are certain neural 

neses which, from the fact that they are unassociated 

irith life-preserving and life-continuing activities, are not 

I Bubjeut to the law of elimination ; and in the development 

I of wliich natural selection cannot have been an esaei^tial 

I fector. These, in their metakinctic aspect, are conceptual 

I thonghts, emotions, and ideas. Hememberiog the diKtinc- 

1 tion drawn in the chapter on " Organic Evolution " 

I between origin and (juidance, let ns proceed to inquire, first, 

I bow these ideas have been guided to their present develop- 

I isent ; and, secondly, how we may suppose these special 

rvariations to have originated. 

To understand their development, we must understand 

lUieir environment. The environment of metakineses is, as 

Isre have already seen, constituted by other metakineses. 

[I'Wiiat we have now to note is that the environment of con- 

Wptual ideas, as such, is constituted by other ideas. The im- 

I ttediate environment of an hypothesis is other hypotheses ; 

vof a moral ideal, other moral ideals ; of an esthetic thought, 

iber SBsthetic thoughts ; of a religions conception, other 

Rleligious conceptions. But not only are ideas environed 

f ideas of their own order ; they are environed by ideas 

f other orders. Thus a scientific hypothesis or a moral 

lal may be in harmony or conflict with rtligions ooncep- 

, and its fate may be thereby determined ; or a 

gioos conception may be in harmony or conflict with 

^yehological principles, and its acceptance or rejection 

(bdreby determined, 80 that we may say, in general, that 

e environm^nl of an idea is the aygtem 0/ ideas among which 

^t it introducfd. 

Of course, it must be clearly understood that it is with 
pe individual mind that we are dealing The scientific 
, moral ideals, sssthetic standards, religious concep- 
ioDS, of a tribe, nation, or other community, are simply 
tepresentative, either of the general views of the majority 
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of the individuals, or more frequently of a majority among 
a cultivated minority. In any case, vte have seen that 
metakineses are and must be an individual matter. For 
each individual there is a separate ideal world. 

Through certain activities, notably language spoken or 
written, men can symbolize to each other the ideas that are 
taking metakinetic shape in their own minds. All-im- 
portant, however, as is this power of intercommunication 
by means of language, it does not a whit alter the fact that 
the idea and its environment have to work out their rela- 
tions to each other separately in each individual mind. 
My neighbour may symbolize, through language, his ideas 
in such a form that similar ideas may be called up in my 
mind ; but it is there that they have to make good their 
claim for acceptance in the environment of the system of 
ideas among which they are introduced. 

Now, what is the guiding principle of the evolution and 
development of ideas in the world of their metakinetic 
environment ? Is there any principle analogous to that of 
elimination which we have seen to be of such high impor- 
tance in organic evolution? I believe that there is. Afi 
idea is accepted or rejected according to its congruity or 
incongrtdty with the system of ideas among which it is 
introduced. The j)rocess has, perhaps, closer analogy with 
elimination than with selection, inasmuch as it would 
seem to proceed by the rejection of the incongruous, leaving 
both the congruous and the neutral. An idea or hypothesis 
may be accei)ted, at any rate provisionally, so long as it is 
not in contradiction to the theories and beliefs already 
existing in the mind. 

It may, however, be objected that this view is at variance 
with the familiar observation that there are many excellent 
people who hold and maintain theories which are exceed- 
ingly incongruous, which seem, indeed, to us mutually 
antagonistic. Yes, to vs. Brought into the environment 
of our system of ideas, one or other of these antagonistic 
views would be eliminated through incongruity. Not so, 
however, with those who hold both. Amid the environ- 
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■nt of a less logical and less coherent system of ideas, 
can find admission, if not as congruons, still as 

itral. A sense of their mcongriiity is not aroused. 

But there are some people, it may he said, who con- 
ioasly hold views whiuh they admit to be incongrnons ; 
10 hase all their seicntiflc reasonmgs on a contimtity of 
asation, but who, nevertheless, believe in miraculous 
lerruptiona of that continuity. In this case, however, 
a incongruity is made congruous in a higher synthesis, 
ley belie themselves when they suppose that they are 
Iding incongrnons views. Stated at length, what they 
that miraculous interventions are incongruous, 
t for them, but for those whose whole system of thought 
cast in another mould than theirs — for the materialist 
d the in&del. 

I cannot discuss the matter fnrther here. This is not 
J place to show, or attempt to show, how the evolution 

Bystems of thought has caused, or is causing, certain 
such as that of slavery, religious persecution, the 
iral and physical degradation of onr poor, to reach that 

■ee of incongruity which we signify as abhorrent; or 

that evolution has caused yet more primitive ideas to 

xsx positively repulsive. Nor is it the place to show, or 

:mpt to show, how the advance of scientific knowledge 
been constantly accompanied by the elimination of 

mgniouB conceptions. I must content myself with the 

f indication I have given of the principle of elimination 
ough incongruity as applied to ideas. 

It may he said that such a principle does not account 

the origin of the new congruous ideas, but only for the 
ting rid of old incongruous ideas. Quite true. But I 
'6 grievously failed in my exposition of natural selection 
DQgh ehmination if I have not made it evident that this 
ection (if that can be called an objection which, in 
is none) lies also at the door of Darwin's gene- 
iz&tioD.* 
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Now, from all that has been said in this chapter, it will 
be seen that, on the hypothesis of monism, we cannot 
regard organic and mental evolution as continuous the one 
into the other, but rather as parallel the one with the 
other — as the kinetic and metakinetic manifestations of 
the same process. Organic evolution is a matter of 
structure and activity. If the structure or the activity be 
not attuned to the environing conditions, it will be elimi- 
nated, those sufficiently well attuned surviving. Turning 
to the metakinetic aspect, we have seen that there are 
certain mental processes which are directly and closely 
associated with activities. Their evolution will be in- 
timately associated with organic evolution. For if these 
processes lead to ill-attuned activities, the organism will 
be eliminated; and thus the evolution of well-attuned 
activities and their corresponding mental states will proceed 
side by side. We may, therefore, say, not inowrectly, that 
these lower phases of mental evolution are subject to the 
law of natural selection. 

But when the neural processes which intervene between 
stimulus and activity become more complex and more 
roundabout; when, instead of being directly and closely 
associated with life-preserving activities, they are associated 
indirectly and remotely ; — then they become, step by step, 
removed from their subjection to natural selection. And 
when, in man, the metakineses associated with these neural 
kineses assume the form of hypotheses, theories, interpreta- 
tions of nature, moral ideals, and religious conceptions, 
these are, except in so far as they lead to activities which 
may conduce to elimination, no longer subject to the law 
of natural selection, unless we use this term in a somewhat 
metaphorical, or at least extended, sense. They are subject, 
as we have seen, to a new process of elimination through 
incongruity. 

Similarly with that wide range of conduct in man which 
is the outcome of his conceptual life, and is removed from 
those merely life-preserving activities which are still, '^^ 
some extent, under the influence of natural elimination. 
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Doduct is here tnodiGed in aecordanco with the conceptual 
ratem of which it is the outcome and oatward expreBsion. 
nd this higher condact is subject, not to elimination 
irough nataral selection, but to elimination through in- 
ragroity. Slavery would never have been abolished 
irongh natural selection ; by this means the modest 
ihavioor of a chaste woman could not have been developed. 
'o natural selection neither tho Factory Acts nor the 
rttstic products in this year's Academy were due ; by this 
rocess were determined neither the conduct of John 
[oward nor that of Florence Nightingale. Some evolu- 
lOnists have done no little injury to the cause they have at 
eart by vainly attempting to defend the untenable position 
lat natural selection has been a prime factor in the higher 
hases of human conduct. 1 believe that natural selection 
aa had little or nothing to do with them as such. They 
re the outcome of conceptual ideas, and are subject to the 
ime process of elimination through incongruity. 

So soon as, in the course of mental evolution, the idea 
r slavery became incongrnous, and in certain minds 
bhorrent and repulsive, steps were taken to check the 
snduct which was the outward expression of this idea. So, 
K), in other cases. The reformer must not, however, be too 
far in advance of his generation, if his reform is to be practi- 
cally carried out. When his ideas are so "advanced" aa 
be incongruous with those of all but a very small minority 
his contemporaries, even they are forced to confess that 
le nation is not yet ripe for the changes they contemplate. 
No one will question that artistic products are the 
itcome of artistic ideas. In the slow and difficult progress 
if a new school of painting or of music, we see esomplified 
;e rejection of the new ideas through their incongruity 
ith the old-fashioned artistic systems. Only gradually do 
lere grow up new generations for whom these new ideas 
not incongruous. For them the old-fashioned systems 
!0me incongruous; and if the school becomes dominant, 
istio products embodvint( the old ideas are eliminated 
ugh incongruity. 
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We are not all alike. Our mental systenis are differenl 
One artist viU introduce into his canras effects irhich, to 
the eye of another, will at once strike a jarring note of 
incongmity. To some minds the institution of slaveiy 
presents no incongruity. There are not wanting men for 
whom the degrading moral and physical conditions under 
which many of our poor are forced to live and work present 
little or no incongruity. To the Russian, English fidelity 
to the marriage vow is said to be as incongruous as, to an 
Enghsh woman, is the harem of an Eastern potentate. 

In the higher phases of human conduct, then, the 
activities are subject to the law of the ideas of which they 
are the outcome — the law of elimination through incongroity. 
I have said that natural selection has little or nothing 
to do with these higher phases of conduct. But has not 
human selection through preferential mating? I belieTO 
that it has ; and I trust that it will have a still greater 
influence in the future. It is one of the noblest privileges 
of woman, for with her mainly lies the choice, that she 
may aid in raising humanity to a higher level. If once 
the idea of marrying for anything but pure affection could 
become utterly incongruous to woman's mental nature; 
and if once the idea of perpetuating any form of moral, 
intellectual, or physical deformity could become equally in- 
congruous ; the bettering of humanity, through the exclusion 
of the deformed in body and mind from any share in its 
continuance must inevitably follow. Here, again, ideas 
would determine conduct. 

And what, we may now proceed to ask, is the physio- 
logical or kinetic aBi)ect of this metakinetic process ? The 
answer to this question involves the conception of what I 
would term " interneural evolution." Just as the environ- 
ment of a conceptual idea is constituted by other conceptual 
ideas, so is the environment of its neural concomitant con- 
stituted by the other neural processes in the brain. Just 
as no idea can get itself accepted if it be in incongruity 
with the system of ideas among which it is introduced, so, 
too, can no neural process become established if it be not 
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harmony with the other neural processes of the cerebral 
misphereB. The brain is a microcosm ; its neural pro- 
ises are interrelated ; and the environment of any neural 
oceis is constituted bi/ other neural processes, 

A little consideration will show that this mast be so ; 
at it is only the physical or kinetic aspect of what is 
lely admitted when the mental or metakinetic aspect is 
ider consideration. If it he admitted that states of eon- 
less are determined by other states of consciousness, 
id that states of consciousness are the concomitants of 
rtain neural processes in the brain, it follows as a logical 
eessity that brain-neuroBes, however originating, are 
termined in their evolution by other brain-neuroses ; and 
at there has been a brain or interncural evolution, 
itinct from and yet intimately associated with the 
olution of other bodily structures and activities. The 
ore closely and directly brain-neuroses are associated 
Ui immediate activities, the more closely imphcated is 
temeural evolution in the process of organic elimination 
rough natural selection. But when long trains of neuroses 
16 place in only remote and distant connection with 
ler bodily activities, they are removed from the process 
: elimination through natural selection, and intemeural 
plation is allowed to proceed comparatively untrammelled. 

I have already indicated my belief that abstraction 
olation), analysis, and conceptual ideas have been 
idered possible through language, and are exeeUeneea 
to which the lower animals do not attain. Hence I 
pjd this comparatively imtrammelled phase of inter- 
iral evolution as something essentially human, something 
lich differentiates man from brute. And I would correlate 
d'b greatly developed brain^neiplicable, I think, by 
Bral selection alone — with this later and special phase 
intemeural evolution. Even in the lowest savage this 
lin-eVolution has proceeded a long way. I am not fitted 
this matter to offer an opinion which would carry much 
ight. But from all that I have read I gather that 
irages have in all cases elaborated a complex — ofteu a 
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highly complex — interpretation of nature and theory of 
things. The interpretation may seem bizarre and incon- 
gruous enough to us, full of fetishism and strange super- 
stitions, but it is an interpretation; to the savage it 
presents no incongruity ; to him the incongruity is in the 
oddly assorted beliefs of the missionary. His system of 
ideas is, in fact, one of the many possible systems to 
which mental evolution may give rise. 

For what we call systems of thoughts, interpretations 
of nature, theories of things, are so many genera and 
species which have resulted from this later phase of meta- 
kinetic evolution. Our methods are at present too coarse, 
our powers too limited, to enable us to determine these 
species from their kinetic aspect. The brains of Ka&i and 
Boer, of ploughboy and merchant, of materialist and idealist, 
are too subtly wrought to enable us to trace the systems of 
kineses which were the concomitants of their scheme of 
beliefs. But we can learn something of the genera and 
species from their metakinetic aspect as symbolized through 
language and other bodily activities. They fall into certain 
groups, fetishistic, spiritualistic, materialistic, idealistic, 
monistic, and so on, and within these groups there are sub- 
divisions. This is not the place to consider them or discuss 
their characteristics. What I wish to note about them is 
that, diverse as they seem and are, each is a coherent pro- 
duct of mental evolution. In each, all that is incongruous 
to itself has been or is being eliminated. 

There are some people, however, who are surprised at 
the incongruity of interpretations of nature among each 
other. Fetishism, they say, has been proved to be utterly 
false. It constitutes a hideous and grotesque delirium- 
How can that which is utterly and completely false to 
nature have had a natural evolution ? Now, for the elite of 
the Aryan race, whose systems of ideas have been moulded 
in accordance with the conceptions of modem science, no 
doubt the fetishism of the poor savage seems sufficiently 
incongruous and grotesque. So, too, does the system of 
ideas of the Right Rev. Bishop of appear no doubt, 
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lo the learned and eminent Professor , and vice verai, 

nd 80, too, uo doubt, does the system of ideas of the white 
lan (who iutroduKes firearms and firewater, and 

ttie gospel of forgiveness and temperance) appear to tha 
It savage, Eauh in his degree wonders how this falsity, 

this incongruity, can have had a natural genesis. Bat in 
,ch case the falsity and the incongruity is not within the 

lyetem itself, but between different systems. 

Once more, I rejwat that if the individual nature of tho 

^sterns of ideas be not adequately grasped, the nature of 
nental evolution will not be apprehended. States of cou- 
eiousnese can only be determined by other states of eon- 
ciousness ; and states of consciousness are for the indi- 
iduai Bubjeet, and for him alone. Conceptual ideas are 
tates of uonsi- ions nee s ; and "falsity to nature" means, 

imd can only mean, incongruity with the environing states 
»f consciousness in the individual mind. For the savage 
here is no falsity to nature in his fetishism. The idea 
nresents no incongruity with his system of ideas ; no more 
ncongruity than filed teeth, flattened head, or pierced nose 
to to his standard of beauty. It ia with our system of 
deas (i.e. mine or yours) that his fetishism is false and 
Dcongruous. The falsity or incongruity, I repeat, is not 
vithin the system itself, but between different systems. 
It may still, however, be said — Only one interpretation 

of nature can be true ; all others must he false. And the 

jalsity is not merely incongruity with other ideas in other 

Bystems of thought or belief ; it ia falsity to the plain and 
lous facts of nature. 

We may freely admit that only one interjiretation of 
latore can be true. But who is to determine which ? Who 
lan decide the question between monist and materialist 7 
IPho dare arbitrate between the bishop and the professor ? 
fbe criterion of fitness in this case, as in others, is survival ; 
iiid who can say what existing interpretation of nature (if 

ftnj) shall outhve all its competitors ? Who can say what 
ill be the nature of the further evolution of any existing 

philosophical creed ? The elimination of the false ia a slow 
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and gradual process ; and many degenerate systems of 
ideas may linger on in the darker comers of the world of 
men. False or out of harmony as they seem to be with 
the higher phases of development ; false or ont of harmony 
as they would be with a different and more exalted enTircm- 
ment ; they are not false or out of harmony with the 
environment in the midst of which we find them ; they are 
not false or ont of harmony with '' the plain and obvious 
facts of nature," as these exist for the ill-developed or 
savage mind. 

The plain and obvious facts of nature, as interpreted by 
men of science in 1890, have simply no existence for the 
untutored or the savage intellect. For him they have not 
emerged into the light of consciousness. But while we 
cannot blame the savage for entertaining .ideas which are 
false to facts which for him have no existence, we may 
none the less believe that his system of ideas is not among 
those which are destined to become predominant species. 
So far as we can judge, the winning species among systems 
of ideas and interpretations of nature are those in which 
the greatest number of ideas are fused into harmonious 
synthesis ; in which all the ideas are congruous, few or 
none neutral ; and in which the abstract or conceptual 
ideas, when brought into contact with concrete or perceptual 
states of consciousness, are found to be in harmony and 
congruity therewith. 

There is one more question in this connection on which 
I must say a few words. How, it may be asked, has the 
world become peopled, for many primitive and savage folk, 
with a crowd of immaterial spiritual essences, so that it is 
scarcely too much to say that, for some of these peoples, 
everything has its double ; and there is no material exist- 
ence that has not its spiritual counterpart ? 

I would connect this almost universal tendency with the 
origin of abstract ideas (isolates) through language. When 
the named predominant gave rise to the isolate (see p. 374), 
it could scarcely fail that the primitive speakers and 
thinkers should tend to regard those qualities or properties 
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■which tbey could isolate in thought (conceptually) as alao 
isolable in fact (perceptually). And we may well suppoae, 
though this is, of coiiree, hypothetical, that one of the 
earliest severances to he thns effected through isolation 
was the severance of mind and body. The first phenomena 
that the nascent reason vrould endeavour to explain would 
probably be those of daily life and almost hourly experi- 
ence. Many famiUar facts would seem to point to the 
temporary or permanent divorce of the part which is 
conscious and feels, from the part which is tangible and 
visible. During wakeful life the two are closely associated. 
The visible part, or body, is conscious. But during sleep, 
or under the influence of a heavy blow, the visible part, 
■which before was conscious, is conscious no longer. The 
conscious part is, therefore, absent, but returns again after 
a while. On death the conscious part returns no more. 

te divorce of the two has become permanent. 
And then comea in the confirmatory testimony of dreams, 
dreams the savage has seen his enemy, though that 
imy's body was far away. Here, then, is the spirit 
■which has left the body during sleep. In dreams also the 
Blain enemy or the dead chief appears. The spirit, per- 
manently divorced from the body, still walks the earth in 
Bpirit-guise. 

Many occurrences woold seem like the fulfilled threats 
of dead euemies or the fulfilled promises of dead ancestors. 
How can these ho explained ? Are they not produced by 
the gbost of the departed enemy, by the sitirit of the 
deceased ancestor ? And if these spirits are still powerful 
■fco act, why not petition them to act in certain ways ? 

Probably primitive man would explain all activities 
anthropomorphically. What knows he of gravitation or 
the laws of the winds ? He knows himself as agent, and 
Attributes his activities to tlie immaterial spirit within 
Ilim ; for when this is absent during sleep or in death 
these activities cease. All acting things might, therefore. 
Come to be regarded as dual in their nature — posseHsed of 
fc. sensible material bodily part, and an insensible active 
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selection, 94; on preveniioo 
of free crossing in biwiinfr 
99; on differential fienilitT, 
104 ; on London rats, IM; oo 
Galapagos archipelago, 10>; 
on diverse adapUtion, 111 : <"> 
the influence of old maidi oo 
clover crops, 113; on the in- 
fluence of parent on oft«pn>»g. 
132; on the co^iniiiuiin? 
power of her o^panisatioD, > ^ '" 
hypothesis of pangenesiti 131 ; 
on fur of arctic animals !•*• 
changes of structure sttril*'''' 
to use and disease, 1*1 J ^ 
blindness of tuco-taoo, !'*• 
on the principle of ecooooTi 
194 ; on sexual selectioo. 1*^* 
on preferential mating. S**- 
on evolution of flowert. 2W: 
on co-ordinated variations in 
the elk, 213; on aoceleratw*- 
222 ; on ancon dbeep, 336; « 
prepotency, 227 ; on reTe»w»* 
229 ; on the effects of croni* 
230 ; on fortuitous v»rt*t»*. 
236 ; on the suhoniinatios « 
the conditions to the ocftf'f"' 
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FBiTsen, Dr., Fig. of skull of 

MtlanerpiUtn^ 288 
Frcg. development of. 6 ; arrest 

of life in, 'il ; respiration in, 

24 ; fishing, or angler-fish, 91 ; 

ittudifled development of, 214 ; 

effects of simple stimulus on, 

3U5 

Fruits and flowers, selection of, 
93 



Gabrt, Messrs. Hco and, on 
Llama cow, 333 

Galapagos Archipelago, species 
and varieties in, M ; cUmate 
of, 109 

Oailut 5anMco, 230 

(j ALTON, Mr. Francis, on the 
coloration of the tebra, M; 
his modification of pangenesis^ 
136; numerical estimate of in- 
heritance, 160, 192 ; his invea- 
ligatiuns <m twin*, 169; on 
blended characters, 226; on 
the steps of evolutinjci, 22T 

Ganglia, 31 

Gannet, rate of increase of, 67 

Gas-engine, snalogy of, 30 

Gautirk, Theophile, his cat, 264 

GKDDBa,Prof. Patrick, and Thom- 
M>N', J. A., on anabollnn and 
kaubollsm, 44; quoted, 60, 
137. 237 

Gemmules, pangenetlc, 131 

Generations, altematiun of, 46 

Generic idea, 326 

Geographical barriers a means 
of segregation, 99 

Geological changes, influence on 
natural selection, 113 

Germ-pla8m, continuitj of. 138 ; 
convenience of, 140 

GilU of musisel, 4 ; as respiratory 
organB, 24 

Giraffe, co-ordinated variations 
iD, 212 

Glacial epoch, cffocts of, 113 

Gland, pineal, 2b8 

Goldfinch, song of, 464 

GoLbsoiiNKiuKK, ou tcmpera- 
ture-sense, 249 

Gould, Dr., on hummlDg-blrds' 
nests, 40H 

Gkabbb, Dr.,oncolour-f«cnftitive- 
nes8 of earthworm, 293 

Gkant, Mr. (i. L., on New Zea- 
land sparrows, 445 

Grasshopper, auditory organ of, 
266 

Gregarina, reproduction in, 39 

Gkknacher, I>r., experiment ou 
moth's eye, 290 

Grouse, white plumage in. due 
to reversion, 229 

Gkove, Sir W. R., on antago- 
Tii»m, 394 

Growth of organisms, 5 ; illus- 
tration of a deer's antler, 2« ; 
law of, after mutilation, 126 

Guidance distinguished from ori- 
gin, 242 

Guillemot, eggs of, 410 

Gi LICK, liev. J. T.,on landshells 
of Sandwich Islands, 109; on 
tendency to divergence, 151 

GirPY, Mr., on crab of Solomon 
Islands, b7 



Habits of animala, 416 
Habitual activities, 420; sense 

of satiafactlon in performance 

of, 421 
HarckbIi, hrod, plastidulee of, 

126 ; theory of perigenesia, 169 
Haiietus cyhndncu$, 90 
Hamkbtok, Mr. P. G., on the 

ignorance of animals, 333 
Hamilton, Sir Wm., quoted, 470 
Haxoock. Mr. John, on instinct 

of cuckoo, 437 
Hasse, £ , on humble-bees, 269 
Hausbb, on cockchafer, 269 
Hatcboft, Mr. J. B., on taste, 

260 
Hearing, sense of, 261 
Belioonia, 203 
Helix, nemoralit and horUnti*, 

variation of, 76, 317. 226, 239 
HsuinoLTZ, Von. on colour, 277 ; 

on local signs of retina, 308 
Hen and egg, problem of, 130 
HsmBH. on shrimps, 266 
Ubbbkbt, Prof. 1:. M., quoted. 

471 

Ukbdman, Prof., on sea-«lug 
{DoriM% 84; his modification 
of pangenesis, 135 ; on warn- 
ing coloration in nudibranchs, 
262 

Heredity, an organic application 
of the law of persistence, 62 ; 
and the origin of variations. 
122 ; in protozoa, 123 ; and re- 
generation of lost parts, 124; 
failure of, 192; and Instinct, 
436 

Hebing, Edward, on organic 
memory, 62, 475 

Hbbom, Sir R., on crossing rab- 
bits, 226 

Hebschbll, Sir John, on colour, 
277 

Heetwto, Richard, observations 
on Infusoria, 39 

Hicks, on Capricorn beetle, 267 

Hicks' organ, 267 

UiCKSON, Dr., Fig. of eye of fly, 
290 

liipparion, 118 

Hippopotamus, instinctive acti- 
vilies in, 423 

Holland, Sir Henry, on inheri- 
tance. 223 

Homing faculty of bees. 428 

Horse, two differeut evolutions 
of. 118 ; effects of use on digits 
of, 210 ; seube of pain in, 392 

HowsK, Prof., antennule of cray- 
fish, 259 

HoRKK, Pierre, on smell in bees, 
257 ; Judgment and instinct, 
452 

Hue and Gabet, Messrs., on 
Llama cow, 333 

Hu<i<iiMS, Dr., his dog Kepler, 
396 

Humming-birds, 110 
i II umour, sense of, in dog, 406 

HuxLKy, T. H., ou limitation of 
variations, 151 ; on neurosis 
and psychosis, 465 

Hyatt, l^of., ou acceleration and 

reUrdation, 221 
i Hybrids, fertility of, 106 

Hydra, repr*jduction of, 14, 41 ; 

I diagram of, 43; artificial divi- 



sion of. 124: budding in. 128; 

sexual reproduction of, 129 
Hydra tuba, and medusa of aur«- 

lia.46 
Hydroids. development of, 46; 

Weismann on, 139 
Hymenoptera, antennary strac 

tures of, 297 ; instincts of social, 

441,448 

Ichneumon fly, instinct of, 430 
Jckthyoiaurui, pineal eye of, "M 
JcUridott 464 
Idea of an object, 313 
Ideas, conceptual, their emviron- 
ment, 485 ; the law of thdr 
evolntion, 486 
Idealism, 474 
Ignorance of animals, 333 
Image, inverted in retina, 311 
Imagination, constructive, 325 
Imitation as a factor in habit <a 

Instinct, 443, 463 
Immortality of proto«», 12 
Incongruity, elimination by, 486 
Increase, law of, 68 
Incubation, instinct of, 434 
Individuality, a tendency to dif- 
ferentiation, 183 
Inference, conscious and uncon- 
scious, 328 ; in animals, 361 
Infertility of isolated forms. lOS 
Infusoria, reproduction in, 39 
Inheritance,' exclusive, a means 
of isolation, 104 ; uf variatioos, 
223 ; of acquired habits, 439 ; 
of acquired incremoits of in- 
tellectual faculty, 497 
Inhibition, 385 ; as a condition of 

voliUon. 469 
Innate capacity, 422 ; its impor- 
tance, 429 
Insects, tracheal respiration of, 
3. 24; wingl^M, of Madeira, 
81; of Kerguelen Island, il ; 
mimicry and protective re- 
semblance in, 85, 88 ; t!«grega- 
tion by colour, 101 ; antetins 
of, 178 ; mouth-organs of, 179; 
and the evolution of flowers, 
2U6; sense of touch in, '24S; 
taste in, 253 ; smell in. 257 ; 
hearing in, 266 ; sight in, 28S ; 
perceptual pow^ers of, 357 ; 
neuter. 440 
Instinct and available advantage, 
211; conKideration of^ 415; 
perfect, imperfect, and incom- 
plete, 422 ; deferred. 423 ; blind 
prevision in. 429 ; gratification 
in performance of. 430; cun- 
RciouBDess and, 432; primary 
and secondary. 434 ; three 
factors in the origin of. 447 ; 
as influenced by intelligence, 
452 ; by imlution, 453 ; by edu- 
cation, 455; as distinguished 
from intelligenoe, 457 
Instinctive emotion, 390. 395 
Integration and differentiation, 

l«3 
Intellectual development, 486 
Intelligence involved in selec- 
tion, 95; distinguiRbed fi-om 
reason. 330, 365 ; lapsed, 435 
involved in in!5thict, 440; as 
influencing instinct, 452; ai- 
teria of^ 456 



iDiubrndlDg slid iutFRnmlDg. 




Kiubollim. ( dli-rnpllon or ex- 
pIfiBlTv pmceu, 3^ 

Koj.lfi, Pr. Jlii«glDi'9 *)e. its 



AH. 



IdtijTlnllioAiMiluspbibla, plnr&l 



xas : In IntecU. Ul ; In Dipb- 



•jmpiHhy 



Liiiiibii.ii.'pn.r. 



B. Riv. till 



•IntriKI noUoB of 



iDU. Sir Hin;, on put. 



Sxcn, Ptat., on HkhU iin 



UAEbnub^ KvptrBtton In. 9 
urlr nMHIhn of, tbe ihi 
of panaul «MTlfl«, Af ; oc- 

lB.us:lHiirln|ln,MS:iM«I' 
In, U»( panvpUana of. Jm 
taut, (iioiliuUia It pbrilal 
(jrcniutiaiiH*. HI ; ■lunwili— 
dI good aiHI twl Unio. IV 

Mun. Hn, on qrupMbci 



UHcnc Dr. Oiulr., o 

silWiUoflnlrlUgonu. (6S 
UuiiniLD. Ml., «pi!ilmenU 



Mimloij. er : u tviduin «l pe 

Mind. uu( at *b>t inilvnt r i» 
UtnemI oiTBtdlis uiilug^ u 



Mivin. frot. Si. Omnr, m 
Sitoml*. lej) uu i^wnnn- 
feiiM rmllmD, nU: on M>h, 
rtD,. 31U: on -pnnlait [ntrl- 
llEcim." 3U; on niD moI 

•ml oiinnnUeiii*. tei 
MotirubilMjr of UkdiiUul nrgui- 



"ST 

BffiDid*. npfolULHlun of, )9; 



MolliJS ,in 
of tmll In, 



'r, aitut uiii M 
ol^llOi p>uiinln( miraiyiil 

taiinckln. liildllniw of' ■(> ' 
MnMftm biKu^lial*, (St 

Moakt, Mr. TlHai4i. oa bTbrldi 
beiwtai AnIioM um suldon 

ptHWHBU, IM 

Mwlc d.ion, »i 

Mouth Jirgun ul In-nu, ijo 
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3T5 ; on Ungiuc« and tboaght, 
376 ; {wnphraMd, 4«7 ; on 
materUllsm, 471 

Mu* rex and imjyrator, 1 00 
lluskal and artirtic facnltj. 4M 
lIuMel. fmh water, gills of; 4 ; 

ol factor V organ of, 'MO 
Untilation, Uw of growth after, 

126 ; not the beat kind of evi- 

dence of tranamitted moditlca- 

tioua, 162 



Nabokli, 159 

Naish. Mr. John O., on Uie 

cockatoo, S64 
Natural nelecUon, Tarlation aad, 

61 ; two mode*, eUmtnation 

and lelection proper, 79 ; and 

the elTectii of une and diame, 

174 ; not to be uaed an a nugk 

formala, 1K4; and Instinct, 

446; atid human thought, 484 
Nerven, hri<»fly described, 246; 

afferent and efferent, 303 
A>«tor notabiliM, 446 
Keats of bower-bird and hnm- 

ming-bird. 408; InttinctlTe 

building of. 453 
KrrrLEsiiir, Mr., on a lion, 400 
Neural processes, environment 

of, 491 
Neurosis and psychoais, 466 
Neuter insects. 440 
New Zealand sparrow, 445; 

parrot, 446 ; chaffinch, 454 
NicH«»i>, on ta«te, 251 
Noctule. 66 

NiHKK, on concepts, 325 
yomada tttlutoginit^ 90 
N'oRRif*. Mr, W. K., quoti^, 420 
Noumcn.i, or •• thing«« in thcni- 

wlvep." 470 
Nucl<'UA of animal coll, 10 ; as 

controlling furmative procew 

in, 124 
Nutrition in illustration of the 

proccHs of life, 25 



Object, naturr of. 313, 437 

Ocelli In instectN •Jj'H 

Oecodmna CfphaloteSf 213 

fmchidium, 293 

Optogram. 276 

Organic combination, hypothesis 
of, 150, 240 

Organic evolution, 177 ; a9 ba^itt 
of comi»arfttive psyclwlogv. 
336 

Organic growth, 5 

()rganiKni, unity of. as rognnl^ 
body and gonn, 161 ; relation 
of. to cnvironrnvnt, 1M3 

Organization, co-ordinating 

power of. 125; of IxKlily and 
mental activitii-e, 419 

Origin, dixtingulKbod from guid- 
ance, 242 

Origin of ppccies, 2*2 

Origlnoforganic variations. 231 : ' 
of metakinctic or uioutai varia- 
tions, 490 

Oriiithoptt^ra, 179 

Otoliths, 2G5. 271 i 

OwK.x, Sir Kicliard, snpgo>tcd 
germinal continuity, 135 { 



Qytter-embiTO set ftiee early, 66 ; 
variation of Mediterranean, 164 



pkahu msfttaoeiu, 90 ; M 
caterptllars and chryaalids, 
165; diuMirphisai in lanni^ 
187 ; obaenratioM on edibility 
ofcaterpillarB,312; ■■Theories 
of Heredity," quiotatioQ fhna, 
214; on the eating of m- 
palaUble inaecls, 445 
l*redomtnant defined, 349; and 

language. 374 
Preferential mating, a neanscf 
segregation, 102; and sexual 
•election, 197 
Preformatioa and evolatioo of 

older wrttera,50 
Prepotency, 237 
Preoentationa of sense, SIS 
Previous sire, effect ot 168 
Rwtlkenogenetic forms, no i Prevision as a criterion of loM* 



Padk i fr kj fncui orbi/cs, ST 

FaguruM pridtaumii, 457 

Pain, massive and acute, S79; 

capacities of animals tar, 391 
Pangenesis, 182 
Panmixia and disuse, 189 
Papaionidtr, 302 
Paradise, birds of, 303 
Paranucleus in protosoa, 39 
AtrasMrrttMi, reprodncticNi in, 39 
Parasitea, bow they feed, 5 
Parental aacriflce in birds and 

mammals, 57 ; its limits, 186 
Parrot, intelligence of, 353 



seoood polar cell in, 153; the 
drone an exception, 153 

Foana jMluitrU, 164 

PiaL, Mr. S., on use of tools by 
elephant, 370 

PscKHAM, Mr. O. W., on lore- 
antics of a spider, 308, 450 

Frc(ef»,293 

Pelagic animals, colours of. 83 

PcxzounT, Dr., on smell, 254 

Percept, 325, 326 

Perception, 311, 334; in animals, 
339 

Perceptual association, 303 

Perigenesis of the plastidule, 169 

Peripatui, 142 

PersWnce, law of, 61 

Pheasant, hybrids between Am- 
herst and golden, 106; golden, 
hen with cock's plumage, 238 

Pkeni/odini, 223 

Phenomenal nature of object, 

315. 320, 331 
Photographic psychology, 320, 

326 
PhrynocfphaluM mygtacfus^ 90 
Physiological isolation, 104 



llgeoce, 457 

Principles, mechanical, 368 

Process of life, 20 

Progress, or oontinoom sdapts* 
tlon, 119; adaptation to more 
complex circnmstaneea, 183 

Prongbom, curiosity in, 339 

Proposition, 339 

Protective resemblance and 
mimicry, 83; general 
blanoe, 83; variable 
blanoe, 84; qtedal 
blanoe, 86; to another 
organism, 87 ; ooloratioo, a 
means of segrqgation, 101 

Protection, fosterage and. 219 

Proteus^ sensitive to light, 294 

l>rotl8ta, 15 

Protokipptu, lis 

ProtOphyta, 16 

Protoplasm, 10 

l^rotoaoa, nature of, 16; trtu* 
miMon of acquired faculty in. 
147 ; origin of metazoan rari«- 
tions in, 156 ; psychology of, 
360 

Psithyrtu rupettrit, 90 



Physiological and psychological ! Psychological and phy.4ologial 



activities, 304; series. 386,417 
PnTx>x, Mr*. E., on Skye terrier, 

398 
Pigeons, correlated variations In, 

216; silky fantail prepotent, 

227 
PigH, intef-tines of, 171 ; cross- 
ing of, 226, 23a 
Pike, teeth of, 437 
Pimal gland, 196, 288 
Plphtrelle, wing of, 64 
Pipits as illustrating divergence, 

97 
Pitch, musical, 261 
Plasm, 10 
Plasmogen, TO 
Platyglf*$us, 83 
Play, Instinct of, 450 
Pleasure and the special senses, 

243 ; mas«ive and acute, 379 ; 

capacities of animals for, 391 
Plfcvtuf auritui, 68 
Plcfiosanrus, pineal eye of, 288 
Pu>ss, Herr. on sex-differentia- 

tlon in man. 59 
PIov. r, Kentish, S3, 217 
Polar cells, extrusion of, 51 ; aiKl 

variation. 153 
Postponement of action, 385 
PorLr(»x, Mr. E. B., on colours 
of animals, 84 ; on PhryHoce- 



activities. 304 ; series. 386.417 
Psychoses and neuroses, 465 
Ptarmigan, on colour of^ 165 



Rabbit, brain of, 171; Angora 
crossed, 225 ; one-eared. :a6; 
deprived of long lip-baire. 347 ; 
papillafoliata of. 250 ; effects 
of superabundant food on. 394 

Rax, Dr., tm dogs swimming 
rivers, 364; on "abstract 
reasoning " in the fox, 3(6 ; oo 
wild and Ume ducklings. 435 

Rage and anger, 389 

Ramsat, I>r. Wm., on smell. J5$ 

Rats of Solom<tn ItlandA, 100; 
of the Ix>ndon Docks. 106; « 
South Kensington, 115 

Rat lbio h. Lord, on colour-blfod- 
ing, 283; on senritlve-fl*B>e 
experiments, 298 ; 

Reality, meaning of term, 314 

Reason dlstinguislied bom intel* 
ligence, 330, 365 ; as defined 
by Mr. Romanes, 372 

Reoepts. 326. 368 

i.'ecognition-marks, 103; Involn 
perception, 351 

Reconstructs and reoooitnictito 
(mental^ 318 
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In nluLUm id bcredity. Vi- 



BtmnMuH, piuuctlTe, M ; 
prnpoi^ 3{ lb UtuArtElon of 
f>fTii>it>riU4n, 3T< \ of blnlB^aai 

liliH. iirck nscmblinR nuln. 88 
ll?'iJ™rM.. on 



Si Lhi. Pnr., OB i-jkoifikUiil, m 

KuMlH^ IVlf.O. J.DD BlifBla- 



BDHILt, Mr. W. J,. OB nDcll 
In the dog, lit 

Mtnltj of wiloT, iirccta of, od 
Sdmim, new -nrittf of. In Tu- 

of. br 



Tf lupraflil ufpeftpal 
iluoUH, Mr. H., on b 



£i«|pctlDn. u nniipuvl Ticb f' 
miniitloD. I«: Lliulrated. > 
■nlOrlil, 111; c«»tlon c 



>a ■ fulcir Ld thp vK|fhj of 




IFTHW Rki (nvlbllil;. 31 
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SoLUa. Ilr. W. J., ( 

llun a\ Intiuls Jd 

Sonutlc, of bnU-c«1 



■*uiiE>iii. hb EipurliDCiiU on 



SFisaiK, Hi. Bildwis. Fig. ol 

Sfucu, Mr. HerbRl, livuao- 
dUtd with bl> nuut, » ; pbT- 
•tuloglcd uDlu, IM. Illi on 
Up dopi. LM i on ths Irlib tVt 
•DdglnSt.iit; oodlmlDUUBn 

of nlbuoro jtDd p4l(U H«I I «u 

Spnm-OFll •Dd •n^all, \i\ ooo- 
dlUooi Hblcb drUriBiiK pn- 

dDctlODoC^ 

SpbH. UiMlon of, 41>, 4S» 
Spldrra. UuDiing. mlmlery to, » j 
Jivin. H>. a. O. ForbH im, 



Sjaxiirillia, rrpnidii 
Spure-fbniulkQ, R 

Sqiilml of Sinpli. 
Xtu-barilfo, virUUi 

Sur*Rab. ffmh™ ki ■ 
KurUng, tnodlflRl w 



.■KnUllr. bo' itacnlopnl, IM 
piihy Ui ciC. »« 



SIflviHCkla. obi 

at'LLT, Mr- Jadw*. OQ C«K*ptB. 

JuJinnoiil HKl mum, Uu | on 

'ofb««,.»u""" "^ 

SuTTOH, Mc Bbind. on ba t^m- 
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1 diir. Bi 
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[>blUII,3W 
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Inumttm^ InrttDctiTv. 43S 
Tamilb, MiM A^Be*, on A thnuh, 

TamunUn fialmcn. 9t 

Taste. MAndATd of, U, 306 ; warn 

of. 2&U 
Tfeth of pike, 437 
Temperature-Mme, 34f 
Terror, 3««T 
fkawmaXia picta and amkerttiat 

10< 
Tkrkta, inntiiict of. 430 
"Things in UMmMlvcs," or non- 

mena, 470 
Thoman Mr. OldfleM, oo rats of 

8t>loni4in Iubndii. 100 
Tb<iiiso!<. Mr. J. A., Prof. Patrick 

OBDPr^. and, oo anabolimn and 

katabolism, 44 ; quoted, fto, 137. 

337 ; bis " Histofj and Theory 

of Heredity." 36 
Thought, 443 
Thrusli. hearing in, 364; iym- 

IMithy in. 398 
Thlxbebu en young hippopo- 

umas.433 
Tissues of the hody, 30 
TooKF^ Mr. Hammond, on egg- 

tating make. 88 
Tools, use of, by animals, 370 
Touch, sense of. 346 
TransformAtion and metamor- 

pbosis. 7 
Transparmcy of some marine 

organisms, 83 
Tkkat, Mrs., her ezperimento on 

caterpillars, 60 
Tricks, 366 
Trionyx, 181 
Trochus, 203 
Tuco-tuco, 194 
Ti'HNKK, Sir Wm, on New 

Guinea natlve^, ItiU 
Turkey, im^tiuctive emotion in 

the. 396 
TwinH, Mr. Qalton's investiga- 
tions on. 169 
TiLOR, Alfred, on coloration in 

aniin&ls and plants, 201 



Udders, enlarged, of cows, 316 
Ultra-violrt rays, 296 
Unicellular organism. See Pro- 

tozuii 
Unity of organism, 161, 234 
Use and disuse, 146, 209 
Utility of specific characters. 110 



Vanesta urtictt, 1 65 
Varanut IxnegaltnHSt 288 
Variation, corrolated, 59 ; and 
natural selection, 61 ; tabu- 
lat<'d by A . R. Wallace, 63 ; In 
wing-tK)ne8of bats, 63 ; udvan- 
tageouH. noutml. and disadvan- 
tageous, 95; in cllniatal and 
geograpbical conditions, 112; 
secular, in climate azid life 



are*. 113 ; efkct <ii good UmM 
and hard times on, 114 ; bere> 
dity and the ori^n of. 133; 
a s«>nroe ot in use and dtonse, 
140 ; sexual nnioo, a mode of 
origin of. 149 ; in deiinite direc- 
tions, 161 ; prodooed by ex- 
trusion of second nolar cell, 
163 ; prototoan origin of^ 166 ; 
due to the action of enTiron- 
mcnt^ 163; to the eflSecIs of 
use and disnee, 168; to do- 
mestication. 171; In male 
8tag-l)eetles. 180; In mating 

e references, 206 ; ocMmUnated 
I Irish "elk" and giraffe, 
313; nature of. 316 ; in amount 
of developmental capital, 331 ; 
Inheritance of. 333 ; origin of^ 
331 ; limiUtlons oC 333 ; for- 
tnltons. in bat's wing. 336; 
definite direction of. 338 ; in 
limits of colour-vision. 381 ; in 
habits and instincts, 446, 466; 
in mental evolution. 496 

Yertebrata, diagrammatic ac- 
count of development ot. 61 

Vebwork, Dr., on prutoioa, 440 

Vt»iterUlio MyttocinM. 70 

Tesperugo UUieri^ 66 

Vetperuifo noetuUK 67 

Vtsperuffo pipistrellutt 00 

Vigour and vitality, application 
of. in male. 337 ; in female. 338 

VindictivenesB, 401 

Vision, 373 ; mosaic. 391 

VoliUon. 469 

Viducelta bombytafu, 90 
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